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“What's that?” the man from Oklahoma asked. 
| “Why anybody knows what that is!” the Texan said. “That's 
radar.* Invented right here in Texas. It can see in the dark, this 
radar can. You can’t make a move without its knowing it, no 
matter if you're two miles away.” 
“If that’s what radar is — some ass on a treadmill, goin’ no- 
A few years after the Battle of the Alamo, a Texan was showing where . . . for something that can see in the dark and you can’t get 
a friend from Oklahoma around the famed battle site. away from — we've had them in Oklahoma for years. 
Everything was preserved just as it had been on the historic day. “You've had radars for years?” 
The donkey still plodded patiently on his treadmill, making the “Sure,” the Oklahoman said. “Only we call ‘em husbands 
great radar antenna turn round and round. and wives.” 
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Designed specifically for use in 
115 volt, 400 cycle systems, this 
United Control servo amplifier 
drives standard Size 11, 40-volt 
center-tapped servo motors. Its 
performance has been proved in 
service on a high-performance 
military aircraft, and it is qualified 
to applicable portions of MIL-E- 
005272B. Transients on power in- 
put leads up to 190 volts for 100 
milliseconds will not damage the 
unit. Gain stability of £2 db is 
maintained over an operating 
temperature range of -55°C to 
+102°C. Now in production, your 
requirements can be scheduled 
for early delivery. Firm prices re- 
flect manufacturing efficiencies 
gained from experience. 


CHARACTERISTICS 


Input Impedance: 10,000 ohms 
Voltage Gain: 1,200 min. 


Power Consumption: 0.65 va 
to 5.5 va 


Max. signal Input: 45 volts 
Size: 2.06” x 1.81” x 2.25” 
Weight: .63 lb. max. 


Write for technical bulletin and prices. 
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Discrete sig- 
nals in noise 
background 
are 

detected and 
measured on 
SB-7bz dis- 
play. Auto- 
matic high 
sampling rate 
(é.7/sec) 
speeds meas- 
urements. 


versatility 
+ economy 


Panoramic’s 


ULTRASONIC 
SPECTRUM 
ANALYZER 


SB-/bz 


1lkc to 300kc 























Up to 25uv sensitivity and exceptional dy- 
namic range with simple, convenient op- 
eration are combined in one compact, low- 
priced instrument. Standard equipment at 
military installations and in, industry, the 
SB-7bz is ideally suited for: 


@ Ultrasonic noise and vibration analysis 

®@ Communication m analysis—wire car- 
rier and VLF radio ~ 

© FM Telemetry subcarrier channel analysis 

®@ General Fourier analysis ; 

The SB-7bz features 


3 
@ Variable sweep width: 0 to 200kc 
@ Amplitude scales: 40db log, 20db linear 
and 2.5db expanded 
®@ Resolution: variable from 100 cps to 2kc 
© Sensitivity: 250uv for full scale deflection, 
calibrated to measure signals as low as 


7] 

@ Sweep rate: 6.7/sec., synchronized to 
power line, plus provisions for variable 
sweep rates when used with accessory 
equipment 

@ 5” high-persistence CRT Tube 


Write, wire, phone now for detailed specifica- 
tions bulletin; and ask a 
lar ary list Bs : ey a ee 
PANORAMIC ANALYZER 
featuring application data. 





518 S. Fulton Mt. Vernon, N.Y. 
Cables: Panor Vernon, 
° NY. State 
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IR and Microcircuits Linked 
to “Spy” Satellites 


Events of the past few weeks have raised to 
levels of international importance the topics selected 
for special emphasis in this issue. The MIDAS II 
Air Force satellite, launched within days after the 
collapse of the Summit Meeting in Paris, served 
notice that the art of large-scale military surveil- 
lance has been freed from dependence on manned 
aircraft. MIDAS, equipped with infrared scanners, 
will demonstrate that a fleet of such satellites could 
continuously survey the entire surface of the globe 
to identify and warn of any missile firings. A major 
feature on Background Limited Infrared Detectors, 
by Dr. I. H. Swift discusses design considerations 
typical of this technique. 

In hearings before the Senate Committee on Ap- 
propriations, the NASA has requested a restoration 
of fiscal year 1961 budget cuts amounting to about 
$39 million, from a total of $915 million originally 
requested. Dr. Hugh L. Dryden and others pointed 
out that missiles now being successfully launched 
were produced under 1959 and 1960 budgets, and 
that as missiles increase in their weight-lifting capa- 
bilities, their cost, complexity and lead-times be- 
come correspondingly longer. Consequently 1961 
appropriations will determine our international 
posture in space, not only next year, but in 1963 
or even later. He also warned that for the next sev- 
eral years the U. S. space program now planned 
will require annual support upwards of $1% billion. 

Space programs, above all others, require elec- 
tronic systems designed for high component dens- 
ity and the highest possible reliability. Satellite- 
borne systems, within the foreseeable future, must 
operate without maintenance. These considerations 
add urgency to our second topic of emphasis: Ul- 
tra-miniature solid state circuits, or microcircuitry. 

A wide variety of opinions exist on the immediate 
practicality of ultra-miniature circuits for the major- 
ity of Military Systems. We have tried to provide 
editorial space for proponents of various viewpoints 
and philosphies concerning this rapidly developing 
discipline. Nor do we terminate the discussion in 
this issue. MILITARY SYSTEMS DESIGN will 
provide additional articles in succeeding issues on 
late microcircuit developments which could not 
be cleared in time for this deadline. 

Inexorably, technical progress is forcing the 
world powers into new positions of co-existence 
which call for different international agreements 
than now exist. The Russians are not the only na- 
tion reluctant to entrust any part of their national 
security to a central world authority. Contrary to 
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the usual impression gained from news reports, 
most of the proposals advanced by U.S. negotiators 
in the East-West talks, if accepted by the Russians, 
would require Senate authorization or major re- 
vision of present U. S. laws. Americans must also be 
prepared to make important concessions to imple- 
ment any international plan of inspection. 

The President’s plan, promoting United Nation’s 
control of international inspections by aircraft or by 
robot satellites, could lead to coordination in other U 


aspects of mutual security, and develop into a re- 
liable political mechanism for keeping the peace. 
Besides easing world tensions, such international co- A a) * O U hy C | TW O 
operation might allow for a more orderly develop- 

ment of space systems, and give time for basic re- 


search to make some sorely-needed breakthroughs. ma Pat EW 
Although the NASA is designated the “non-mili- 


tary” space agency, every advance made in opera- 


tional space capabilities has military implications. 

Very soon the ability to neutralize or destroy C AT M4 O a 

enemy vehicles in space may become urgent. 

Progress in the “state of the art” of microcircuitry T U = c Ss f 


and IR detection as applied in Military Systems 
may even be more vital than we suspect. 


Semiconservative View of 


the Semiconductor Future 


Dr. Harper Q. North, President of Pacific Semi- 
conductors, Inc., in the keynote speech before the 
7th Regional Technical Program of the IRE fore- The fir st cathode-r ay 
cast the following trends in the future of semicon- ° 2 ° 
cen, ' tubes ever available with this 


That ultimately 80% to 90% of all i ° ° . 
Basalt wos ps will be castehed or doen CO mbination of Lmp or tant f eatur es 



































type devices when technologies for the production 
of silicon devices become equally advanced. —linear post-accelerator—a spiral resistance winding from tube face to deflection FEATURES 
ab Cl eee ee seuicinine poem ester, sctioncton uebMGGilT Sania a : * 
i il i i i : 0 minimize pattern distortion; - , ’ 
wine vane high oneness alpen adjustment; new deflection plate construction—minimizing plate splash for more | Sema Linear (spiral) fg encalormtes 
portant limiting factors, and where high chemical accurate displays. These, plus tighter specifications with higher deflection sensi- Petern aitbiaiaiink sheaueian 
purity and crystal perfection are not vital. tivity—establish new standards for modern equipment design. i 1 te 
That increased use will be made of varactor x Astigmatism control 
diodes, but that tunnel diodes may be limited to TYPICAL OPERATING CHARACTERISTICS * * 
the field of UHF oscillators and amplifiers unless High psa: seneteiyey 
a third control electrode can be added to make Post Accelerator Voltage $000 > 10,000 ‘ .S 
e 4. = more adaptable to switching circuits. Pattern Adjustment Electrode Voltage 1400 1400 ght oo 
s The transistors may have reached a limit in fre- Aatignsations Evectrege 180-580 180-580 
quency at about 2500 mc but that higher powers Spot size (single layer screen) 0.024 ee ygprsinlare 55 
of around 5 Kw in the 5 to 10 mc range may D3, iss — 35 V 22V * 
eventually be possible. se pia AY 3.94 Minimum distortion of pattern 
That when their cost is reduced, the uses of con- DsD« = tet * 
trolled rectifiers will be extended to applications New deflection plate construction 
where expensive variable inductances or thyratrons Write for complete details 
could not be justified. ELECTRONIC TUBE SALES. 


That although solid state circuits—each compris- 


ing an assembly of diodes, transistors, resistors, and precision electronics is our business 
voltage variable capacitors, all formed within a caer areata ak 


T EQUIPMENT 
single block of semiconductor material—will one ELECTRONIC TUBES/INDUSTRIAL TV/MILITARY ELECTRONICS/MOBILE COMMUNICATIONS/SCIENTIFIC INSTRUMENTS/AUTOMOTIVE TEST EQU 


day be in widespread use; the present stage of 
‘TT semiconductor technology prevents a high yield in 








production. 
Dr. North added, “Reliability has been touted as ALLEN B. DU MONT LABORATORIES, INC., CLIFTON, N. J., U.S.A. 
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can meet your systems needs NOW... | 
: THE NEED FOR 
ICROMINIATURE or functional devices of Ad 
many different designations are currently be- works 
Systems shown here are typical of more than 200 designed and ing offered by the nation’s leading designers. These even | 
built by EI and now in use. They range in complexity from data include ceramic-base printed circuits, microcircuits, reliab 
logging systems for automatic scanning, measurement and record- micrologic elements, micro-modules, molecular elec- in a} 
ing of data from multiple transducers...to high speed, automatic sonahin Chik Wien qnik seinrieincics uabwenlé. To Bt 
checkout systems for missile and aircraft...to systems for auto- tugs Bye alk th b 
mating industrial processes. date, the industry is not yet agr on the prop- of so 
Because of the. EI modular design approach, many of these lems they are trying to solve for the military. Re- on th 
systems can be delivered on virtually an off-the-shelf basis, elim- liability, miniaturization (reduced size and weight), the n 
— the eee usually ag with system standardization, maintainability and more econom- wet 
development. approach also results in a low cost system : ‘ ae 
because the modules are manufactured in large quantities. Cost ically priced equipment, are among the most fre- ware, 
is almost a linear function of performance capabilities desired. quently mentioned objectives. ahi 
Why not talk over your digital system requirements with your Clearly, many of the current approaches to that | 
EI Sales Engineer? His system experience will be a valuable help microminiaturization mentioned above achieve dies 
i seiving your pechaem. miniaturization to a degree than is considered 
r. licati d lems 
om uaa for or military app at today. oleic 
e trend toward microminiaturization, however, 
is expected to continue indefinitely. Consequently, hs. 
those approaches which offer greatest advantages P k 
from this view point stand to gain favor with time. ecaase 
TI believes that Solid Circuit ® semiconductor ing Ss 
Multi-purpose digital system for measuring a networks offer as great a degree of miniaturization For « 
variety of transistor parameters while the transistors as any approach yet known. a So 
are being subjected to environmental testing. ident 
merci 
Digital read-out sub-system of a large, valua 
automatic, transistor production . 
checkout system. mitte 
mann 
. in a 
you get MORE Pe 
with EI systems! _— pes 
MORE VERSATILITY—AC and DC volt- ate: Nase 
ages, AC and DC voltage ratios, ohmic an aie 5, On 
resistances, capacitance, frequency, phase, Instn 
inductance, time, or combinations of these OUTPUT 1 | thar’ 
basic input quantities can be accepted by . 
the EI system. a r 
MORE RELIABILITY—Maximum use is sistar 
made of solid-state and MIL-type compo- manr 
nents which are designed into conserva- , may 
tively-rated, field-proven circuits. All fashic 
vendor-supplied parts are exhaustively tail 
tested and evaluated. ze 
equipment onthe 838 Master MORE FLEXIBILITY—Expansion of the SOLID CIRCUIT semiconductor networks, here Th 
program. Measures es ae EI system can be made by simply adding shown seven on a dime, are typical of one class j 
and DC differential voltages and Sites wt , —— of microcircuits now available to design engineers. ry 
transients. Chosen for its excellent Sahin iad take saaie and om te ie These new units perform as multivibrator, phase- of ea 
ocverse rhe ewer _— system obsolescence. ig enhenee: shift oscillator, logic circuits counters, gates and latior 
other functional entities which are equivalent to circu’ 
; conventional circuits in which resistors, capacitors, _ cond 
| seks anne Cer transistors and diodes are separate components. inadens 
Elect ro inst ru ments, inc. SAN DIEGO 11, CALIF. ®Solid Circuit is a trademark of Texas Instruments PNP] 
Incorporated, and is used with the generic term semi- chi 
DIGITAL INSTRUMENTS FOR MEASURING AC/DC VOLTAGES, AC/DC RATIOS, RESISTANCE, CAPACITANCE, AND FREQUENCY « X-Y RECORDERS & ACCESSORIES ¢ DC AMPLIFIERS conductor networks. acnie 
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Additionally, the contribution of solid circuit net- 
works to military electronic equipment will be of 
even greater value because of the improved system 
reliability which we expect to make possible. With- 
in a year, the validity of this feature will be dem- 
onstrated. Faith in the potentially higher reliability 
of solid circuit semiconductor networks is based 
on the obvious advantage of dramatically reducing 
the number of physical connections which will be 
required to produce an item of electronic hard- 
ware. Furthermore, the solid circuit semiconductor 
network approach has an additional advantage in 
that the network consists of a continuum of like 
materials, avoiding the potential reliability prob- 
lems inherent in the assembly of a group of dis- 
similar solids. 

Unlike some other microminiaturization ap- 
proaches, with Solid Circuit semiconductor net- 
works it is not necessary to compromise engineer- 
ing standards to affect dramatic size reductions. 
For example, a diode or a transistor element in 
a Solid Circuit semiconductor network has the 
identical dimensions of its presently produced com- 
mercial counter-part. Techniques developed in the 
valuable past experience of TI engineers have per- 
mitted them to combine these elements in a unique 
manner, producing the entire circuit function with- 
in a single piece of semiconductor material. The 
state of this new art is now capable of executing 
for specific design engineering Solid Circuit semi- 
conductor networks in large volume military and 
commercial applications. 

One of the distinguishing characteristics of Texas 
Instruments’ semi-conductor networks design is 


J _ that the conductance paths in the semiconductor 


are related to the classical circuit elements of re- 
sistance, capacitance, transistors, and diodes. In this 
manner, a wide variety of semiconductor networks 
may be designed in an orderly and predictable 
fashion. This allows Texas Instruments to truly 
tailor their design of each device to the over-all 
system requirement of the customer. 

This approach is used as the basis or point of 
departure for each new design. However, the design 
of each device is not necessarily a one-for-one re- 
lationship between the conductance paths and the 
circuit elements. Multiple effects within the semi- 


.. conductor may have to be considered, as well as the 


inclusion of other semiconductor effects such as 
PNPN, field-effect, and tunnel-effects, in order ta 
achieve the desired performance. 
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HARRY L. OWENS, 
Texas Inst ts Inc. 
MICROMINIATURIZ ATION exas Instruments Inc 


Mr. Harry L. Owens is 
head of ok silicon transis- 
tor, semiconductor net- 
works, and materials and 
sensors operations at the 
'Semiconductor-Compo- 
nents Division, Texas In- 
struments Incorporated, 
Dallas, Texas. 





One of the important aspects of the semicon- 
ductor network program is Texas Instruments firm 
belief that this product can best serve the elec- 
tronic market by making available what is known 
and can be manufactured today. Thereafter, the 
inclusion of more complex semiconductor devices 
may be an evolutionary process. We expect a 
greater contribution will be made to the électronic 
industry by advancing the technology of new semi- 
conductor devices as a separate program apart 
from semiconductor networks. As these technologies 
are understood, they may then be applied to semi- 
conductor networks. Some of the confysion exist- 
ing today among the many minia tion pro- 
grams is due to attempts to merge these efforts 
into one program. 

These devices are made principally by selective 
diffusion and shaping of the semiconductor ma- 
terial, after it is in the single crystalline state. Se- 
lective diffusion may be accomplished by using 
one of several masking materials, i.e., silicon dioxide 
for silicon. These masking materials will allow 
certain diffusants to penetrate into the semiconduc- 
tor in only the unmasked areas. Selective shaping 
may be obtained by the use of acid resistant masks. 
Both of these masks, diffusion and shaping, are 
defined by photolithographic techniques. These 
consist of exposing a photoemulsion through a 
pattern in a photographic film. The exposed area of 
the emulsion is washed away during the developing, 
exposing the subsurface in the desired pattern for 
subsequent working. 

For the immediate evaluation of this product, 
Texas Instruments has the type 502 bistable multi- 
vibrator. This silicon semiconductor network is in 
an hermetically-sealed package and is suitable for 
use in shift registers and binary counters. However, 
we expect the market requirements will be mainly 
met by the custom design of semiconductor net- 
works. 
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Ri cinldbisiors telemetry system 
for 6 rockets 





Low power requirements 


Each sub-carrier requires only 6 volts at .6 Ma. 

r PROBLEM—a low power telemetry system to fit a space of 4.75” 

diameter by 3.75” depth, and weighing 4 tbs. To meet these 

J specifications DORSETT designed, and sold MODEL TMS- 

105. DORSETT will design and produce FM/FM, FM/PM, FM/FM/EM 

I and PDM/FM systems and components with configurations to meet 

ij your specific requirements. DORSETT provides close progressive 
i 





| 
i 
ti 
liaison and quantity facilities that assure customer i 
stiotection on every cate. {ils Sotbe, boags fe Spestatiane | 
on proved-design DORSETT telemetry equipment. t 
CAREER OPPORTUNITIES for Design and 

~~.) Project Engineers with one of America’s | 

fastest growing electronic manufacturers. = 
DORSETT \Wwrite Henry munde at Dorsett Electronics. 















10-inch high-quality Storatrons are avail- 
able. Choice of electrostatically or magnett- 
cally deflected writing guns. The popularity 
of these tubes has been proved—a result of 
their overall quality of display plus excellent 
resolution and brightness. 

Electrostatic tubes feature two identical 
writing guns—mounted along with a view 
gun on a single, sturdy, centrally located 





mount for ease of control and operation. 
Magnetic tubes feature a viewing gun 
axially located for uniformity of display and 
a writing gun placed for use with standard 
yokes. Both guns have standard miniature 
bases. These Storatrons are just two exam- 
ples from the largest line of immediately 
available quality direct view storage tubes 
(2%,” to 21") —DU MONT STORATRONS. 


Send for complete specifications including circuit information. 


ELECTRONIC TUBE SALES 


puMOnr 
D : precision eleetronics is our business “1M. 


ELECTRONIC TUBES/INDUSTRIAL TV/MILITARY ELECTRONICS/MOBILE COMMUNICATIONS/SCIENTIFIC INSTRUMENTS/AUTOMOTIVE TEST EQUIPMENT 


Cre Xo Turd 


ALLEN B. DU MONT LABORATORIES, INC., CLIFTON, N.J., U.S.A. 


INTERNATIONAL DIVISION * 515 MADISON AVENUE, NEW YORK 22, N Y © CABLES: ALBEEDU, NEW YORK 
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Hi-Gain, Hi-Speed 
Transistor Switches 


Two newly-developed diffused junction, drift field 
silicon mesa transistors, particularly designed for 
military applications have been announced by the 
Hoffman Electronics Corporation, 3761 So. Hill Ave., 
Los Angeles 7, Calif. Computers, data processing 
equipment for missiles and video amplifiers are some 
of the military applications made possible by the high 
gain and high frequency characteristics of. the new 
transistors. 


ooo o-oo, 


FIG. 1. PHOTOGRAPHIC fabricating techniques 
and unique configuration are credited with superior 
gain at high frequency of new silicon mesa 
transistors. 


FIG. 2. U-SHAPED base-emitter pattern is seen in 
relation to transistor proper prior to hermetic seal- 
ing. New units are designed as high-speed switchin 
units at medium power levels and as very hig 
frequency amplifiers. 


Using a unique, U-shaped base emitter configura- 
tion (Fig. 1) fabricated by exclusive photographic 
techniques, greater precision of geometric control and 
more uniform characteristics are claimed than have 
previously been achieved in similar type transistors. 
The transistors are pre-aged at 300°C before herme- 
tically sealing into an inert gas atmosphere to stabilize 
the electrical parameters (Fig. 2). 

Both transistors are basically control devices for 
small-to-large signal switching amplification, differ- 
ing only in a higher dc pulse current gain in the 
2N697, measuring a minimum gain of 40 and a maxi- 
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mum of 120 compared to a minimum of 20 and a 
maximum of 60 in the 2N696. Because of this un- 


usually high small-signal current gain, either of the 
‘ld devices will replace up to three transistors of the same 
for classification in many circuit applications. Minimum 
the high-current gain is 6 or more at 20 mc, nearly three 
“ times the gain of 2.5, usually available from com- 
4 parable units at this frequency. 


ing 5 ea Sp 
° Other characteristics include total power dissipation MICDO_MINIATI CODAMIC CADAL Ne 
Pp P WiUNU VNTALU LER L LATA ) 











NAY 
oF of 2 watts at 25°C case temperature, max collector- Coo A PACKAR 1] 
Z base voltage of 60 v, collecter-emitter voltage of 40 v gle = igaacrar dagecax 
~. and an emitter base voltage of 5 v. JF 432,000 PARTS PER CUI 
FOR MORE INFORMATION CIRCLE 101 ON READER-SERVICE CARD excellent for complete assembly encapsulation 
2 B 
, Servo-Driven Multi-Gang 
7 
Potentiometer C APACITO HS 
New flexibility in applications design is seen as a 
result of the Model 801 Servo Driven potentiometer 
which employs up to seven precision straight-line re- 
sistive elements to simultaneously achieve control, 
feedback and a number of telemetry or functional out- 
puts. 
Square precision molded cases in only two sizes and a single 
standard 0.2” lead spacing for all values simplify circuit design, 
guarantee uniformity, facilitate handling, give greater mechan- 
ical stability. 
The DAPON** resin used in “VK” Capacitor cases assures envi- 
i ronmental reliability through every stress to which such com- 
ponents are susceptible. 
ENVIRONMENTAL CHARACTERISTICS 
PRECISION GROUND LEAD scan Moisture Resistance: Operational in 95% relative at 
ein vice unaen 200 vdc. When tested in accordance with MIL-STD-2024 Method 
“a SEVEN PRECISION Pots are simultaneously driven tne 1000 enone oe 90% ecu tania Uheleten 
od by miniature servo motor. Linear and non-linear Factor is less than 2.5%, and capacity change less than 10% 
- elements may be combined to meet customer's re- at 25°C and 50% relative humidity. 
quirements, in |7/" x 8" package. 
T and Immersion: When tested in accordance with 


The integral sealed package contains, in addition to 


the precision resistive elements, a servo motor and a Son th oe tion Resi a ae a ae ce bd 
precision-ground leadscrew supported by Class 5 bear- Factor is less than 25% and capacity pear 


ings and limited by slip clutches to prevent damage 
from overtravel. The input function of the servo motor 
is converted to a linear motion through a standard 
gear train to the headscrew which can accommodate 
various ratios. Standard gear ratios may be pro- 
vided, or the gear train may be omitted for many ap- 
in * _ plications. 





I The straight wire-wound resistive elements provide 
4 linearities of +0.1% to +0.25%, obtainable in the 
J past only in large diameter potentiometers. Each in- 
dividual potentiometer can be supplied with its own 
ira- independent function, such as linear, non-linear or 
hic tapped to meet individual requirements. 
and Dry nitrogen is hermetically sealed in the unit to 
ave provide long shelf life and to prevent oxidation. Seal- 
ors. ing also permits operation at unlimited altitude and 
me meets the humidity, salt spray, fungus, sand and dust 
lize requirements of MIL-E-5272A. Operating temperature 
range is —40° to 165°C, vibration 10 C to 2000 cps, 
for + shock 60G in 11 msec, and an operating life of 2 mil- 
fer- lion transversals. (From 2-page Engineering bulletin 
the 801, Bourns, Inc., Riverside, California.) 
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SAM GRIFFIN, 
Microcircuit Div., Hi-O Div. 


Aerovox Corporation 


FIG. 1. BINARY INDICATOR comprises multivibra- 
tor (right) employing || components; a binary di- 
vider (center) with 14 components and lamp her 
se using 9 components. The tiny Sylvania lamps, 

ashing at 2 & 4 cps, connect to the circuit. Scale 
is shown by subminiature vacuum tube. 





FIG. 2. HIGH SPEED TRANSFER CIRCUIT, for 
computer includes, 12 terminals, 2 transistors, 7 
printed resistors and |! conventional diodes on a 
1" x 3%" x 0.030" steatite plate. 


F IRST steps in ultra miniaturization of elec- 
tronic circuits began with the development 
and application of titanate dielectrics before WW 
II. These made possible the first significant reduc- 
tion in the size of electronic elements. Further ex- 
tension of this work naturally lead to the applica- 
tion of resistor-forming material on the dielectric, 
achieving resistance-capacitance circuits of simple 
configuration. The resulting pieces, of course, were 
not microcircuits in terms of today’s meaning but 
did give a significant improvement over resistance 
capacitance circiuts employing the conventional 
dielectric and resistance materials available at 
that time. 

The “RC” couplates” first appeared before WW 
II. They were not used, however, until 1946, even 
though the first thoughts of compact lightweight 
electronic equipment were generated by aircraft 
requirements, because of the even greater wartime 
need for large quantities of proven components. 
Subminiature vacuum tubes and early missile de- 
velopment in the early years after the war further 
developed the concept of compact circuits. How- 
ever, civilian and commercial requirements gen- 
erally were overriding in the considerations of most 
firms, and research in the compact circuit area de- 
veloped slowly. 

The transistor was the first significant step to- 
ward microminiaturization after the development 
of titanates. The elimination of filament power and 
the order of magnitude reduction made possible in 
“B” power requirements sparked imaginations ev- 
erywhere, but still there existed no overriding re- 
quirement for microminiature circuitry to drama- 
tize its advantages. As the characteristics and ca- 
pabilities of the transistor were being improved in 
the years before Sputnik, ideas about the structure 
of microcircuitry were quietly being tried out, 
changed and abandoned for lack of an urgent 
dramatic need. 

An orbiting satellite furnished the trigger, all 
the hidden ideas came tumbling out, and new ones 


were created as well—a micro-“tinkertoy module,” 


tiny printed circuit boards, and microminiature 
components of conventional configurations, such 
as smaller tantalum capacitors and ceramic capaci- 
tors. Micro-diodes and micro-transistors were soon 
available. Giant steps toward the future were pro- 


Economic Factors in Microcircuit Design 


posed in the form of “molecular” circuitry, and 
combinations of these ideas and conventional cir- 
cuitry are currently being developed and promoted. 

In all this confusion, there seem to be few ties 
to the realities of modern day production require- 
ments and the methods already developed for meet- 
ing these requirements. 

Most approaches to the problems of microminia- 
turization of electronic circuitry beg the problems 
of mass production. The one approach which has 
seriously considered these problems has adopted 
the old fashioned methods of mass production ini- 
tiated by Mr. Henry Ford. If the United States 
electronic industry is to meet the low labor costs 
in world competition in the rapidly expanding mi- 
crocircuit field, the most modern methods of mass 
production must be integrated into the design of 
microminiature circuits. 

Early mass production methods utilized a physi- 
cally standardized end product so that a routine of 
simple operations could be established and per- 
formed with a low degree of skill, and so that ma- 
chines could be made to handle these standardized 
parts which made up the standardized end prod- 
uct. Modern production methods employ stand- 
ardized processes for the production of parts hav- 
ing non-standard configurations which allow the 
manufacturers to furnish his customers with a 
product exactly suited to their individual needs 
within the state of the art. Thus, the application of 
modern mass production methods is seen as the 
next great forward step in microcircuitry progress. 

Major considerations in design and development 
of microminiaturized circuit packages are the struc- 
ture, components, and interconnections. This is not 
to say that other considerations, such as the dissi- 
pation of waste power, are not important, but 
rather that this is primarily a final equipment prob- 
lem in thermodynamics which, if solved efficiently, 
will provide an end equipment with a component 
density approaching that of the individual circuit 
packages. 

The supporting structure of a microcircuit pack- 
age is of primary importance since it forms the 
mutual coupling, both physically and electrically, 
between all components and interconnections. The 
structure must, in addition to the performance of 
its function of maintaining a fixed-physical and 
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PRECISION ELECTRONIC 
TIME DELAY RELAYS 


Since their original design and introduction 
almost four years ago, Tempo’s miniature Time 
Delay Relays have been accepted as the stand- 
ard of precision, performance and unquestioned 
reliability. Thousands have been specified and 
delivered for a wide range of critical timing 
applications — in many of the nation’s major 
missile and space programs, for avionic and 
ground support systems, in industrial auto- 
matic controls — wherever a principal require- 
ment exists for accurate, ultra-reliable timing 
under difficult environmental conditions. 
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SOLID STATE DESIGN 

Tempo’s Time Delay Relays contain no moving 
parts except the contacts of a balanced arma- 
ture control relay. The actual time delay circuit 
function is accomplished by a unique Solid 
State Timing Module, developed and produced 
by Tempo, The characteristics of the relay have 
no effect on the accuracy of the time delay. 
Contact arrangements include 2PDT-2 amp and 
3PDT-10 amp. 


FIXED OR ADJUSTABLE TIMING 

Fixed time units are available with time delays 
from .020 sec, to 300 sec., or longer on spe- 
cial-order types. In adjustable types, the mini- 
mum adjustment range is from .050 sec. to 
1.00 sec. — the maximum is from 15.0 sec. to 
300 sec. As many as eleven intermediate ad- 
justment ranges are also available, each with 
a 20 to 1 spread. Adjustment is made by a 
simple, quick change of an external resistance 
value — no special calibration equipment or elab- 
orate procedures are required. 


TIMING ACTION 3 
Units are available with time delay occurring 
between application of voltage and relay pull- 
in, or delay occurring between removal of 
control signal and relay drop-out. 


ACCURACY RATINGS TO .01% 
Standard types are available with accuracy 
ratings of 10%, 5%, or 3% of nominal time 
delay, guaranteed under any combination of 
conditions including: 


Temperature ...... —55°C to +125°C 
Input Voltage ......... 18 to 31 vdc 
.. ary 20 g’s, 2000 cps 
SS 50 g's, 11 millisec. 
Acceleration ..... 20 g’s, steady state 


Special-order types are available with guaranteed 
accuracy ratings of 1% or .01% 


WRITE FOR ENGINEERING CATALOGS 
Tempo Engineering Bulletins 5903 (Fixed 


Timing) and 5905 (Adjustable Timing) con- 
tain all necessary technical, application 
and ordering data. 





These service-proven units are engineered and 
produced in compliance with an_ exacting 

uality Assurance Program, including func- 
tional testing of each unit under all combina- 
tions of rated temperature and voltage extremes. 








TEMPO INSTRUMENT INCORPORATED 
57Commercial St., Hicksville, L. I., N. Y. 
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electrical relationship between each of the compo- 
nents and the electrical interconnections, be ca- 
pable of assuming a wide variety of physical config- 
urations to meet the great majority of forms de- 
manded by equipment designers. Yet, the processes 
for producing the structure must be standardized 
to permit low fabrication costs. The combination of 
ceramic plates and transfers of molded epoxy are 
well suited to meet these requirements. Methods 
are now available for rapid, relatively inexpensive, 
forming of cramic plates in large or small quanti- 
ties. So-called temporary epoxy transfer molds can 
be quickly and easily made to provide highly ac- 
curate finished pieces. 

Concerning the miniaturization of components 
it has been said that they are already so small that 
we do not know how to use them. That this is true 
is evident from the unanswered question: How is 
the waste heat to be removed without losing a 
major portion of the size reduction currently pro- 
vided by present microminiature components? 
Component densities of 2000 parts per cubic inch 
have already been achieved in digital computer 
circuitry (Fig. 1) through the use of printed re- 
sistors; Cerafil*, Cerol*, and tantalum capacitors; 
micro diodes and the Raytheon subminiature tran- 
sistors. The application of PSI (Pacific Semicon- 
ductors, Inc.) micro transistors to this circuit con- 
figuration will increase the component density by 
more than four times. 


Influence of Economic Production Techniques 


Thus, it is now time to turn our attention to the 
economic production of already completed devel- 
opments. The same equipment used in the con- 
struction of this small (3/16” X 1/8” X 3/8”) cir- 
cuit package is producing the medium density cir- 
cuit packages shown in Fig. 2. Wide production 
latitudes are permitted by this technique. 

Many developments in thin film resistors involve 
great skill and expensive equipment in their manu- 
facture. These provide superior performance char- 
acteristics such as very small temperature coeffi- 
cients, very low current, noise immunity to mois- 
ture, and high stability. As yet, however, all these 
desirable characteristics are not available at the 
same time over the full range of resistance desired. 
Also simple screen-printed composition carbon 
resistors which can be produced on low-cost high- 
production-rate equipment are available with per- 
formance characteristics better than the conven- 
tional composition carbon resistor found to be 
satisfactory in so many circuits. 

The temperature characteristics of resistors 
printed on small substrates range between 800 to 
900 parts per million for values from 100 ohms to 
two megohms per square; and when the effects of 
temperature equalization afforded by close prox- 
imity on a relatively good conduction medium are 
considered a great many of the requirements for 
low T-C resistors are eliminated. The load life char- 
acteristics of these resistors is about 1.5% to 3% 


*Aerovox Corporation Trademarks 








Another in a series of thoughtful observations on the topic of Time 


: "Infinitely 
swift 
is the 
flight of Time, 
as they see 
who look 
back 
at it” 
SENECA, Roman Philosopher, 5-65 AD 


TEMPO INSTRUMENT INCORPORATED, HICKSVILLE, L.I., NEW YORK 
DESIGN AND MANUFACTURE OF PRECISION ELECTRONIC TIMING DEVICES AND CONTROLS 
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TYPICAL TEMPERATURE CURVE 


TYPE C80 TEMPERATURE CHARACTERISTICS 
0 VOC—— 50 VOC—-—100 voCc---- 





—55 -35 —15 5 


45 65 85 105 125 


TEMPERATURE °C 


FIG. 3. TEMPERATURE CAPACITY CHARACTERISTIC, Cerafil capacitors. By com- 


binations of elements with different ceramic formulations, other characteristics can 


be tailored to order. 


change in one thousand hours under load densities 
of 20 watts per square inch at room temperature 
for 100 hours. These data were obtained with four 
0.01 square inch resistors on a %” X 1” ceramic 
plate. Such resistors must be protected from humid 
conditions and this is one of the roles of the epoxy 
structure. 

Resistors exactly like those used for determining 
the load life characteristics were subjected to both 
the standard military humidity cycle and the mois- 
ture resistance cycle. A change of 2% to 3% occurred 
in humidity and no change was observed from the 
moisture cycle. Temperature cycling caused a per- 
manent change of only 0.3%. Resistance tolerances 
of 1% are economically feasible while 5% tolerances 
are commonly specified. Voltage coefficients are 
well below 0.05%/volt. The current noise of these 
resistors is somewhat lower than conventional com- 
pressed carbon resistors. 

Further development is proceeding toward the 
use of a glaze as the resistance element. Prelim- 
inary results have shown temperature coefficients 
of less than 50 parts per million, significant improve- 
ment in load life characteristics, and immunity to 
humid conditions without protection. At this time, 
however, current noise is slightly greater than the 
conventional compressed compoistion carbon re- 
sistor. 

Many recent developments in the capacitor field 
provide reliable production-designed components. 
In the micro-micro-farad range the Cerafil capacitor 
gives superior performance in the smallest volume. 

The obstacle of fragility of very thin ceramic sec- 
tions has been circumvented by employing the 
Cerafil design and technique. The basic principle 
consists of forming the thin film of ceramic dielec- 
tric on a cylindrical substrate, which is one of the 
electrodes and also serves as a support for the 
fragile film. With this support, extremely thin di- 
electric films can be processed conveniently and 
thus high capacities obtained. The thickness of the 
film employed determines the voltage rating. A ca- 
pacitor rod element is approximately 1/32” in di- 
ameter with a length determined by the length of 
the unit desired. The outer surface of the dielectric 
film is also metallized forming the second elec- 


trode. 
10 


The Cerafil design concept, in addition to its 
miniaturization features, also lends itself mechan- 
ization and accurately controlled production be- 
cause of the simplicity of the process involved. 
The process of dielectric formation and deposition 
produces a very uniform and homogeneous film 
structure, necessary for high dielectric strength. 
These features make feasible the economic pro- 
duction of close-tolerance, reliable units in large 
quantities. 

Besides providing support to the fragile thin 
ceramic film, Cerafil design offers several additional 
advantages. Circuits printed on the ceramic plate 
can be bridged, generally providing higher density 
designs. Parallel connection to obtain higher capac- 
ities becomes a relatively simple operation. Also in 
this construction, elements having different charac- 
teristics can be combined to obtain a resultant 
characteristic. For example, an element of positive 
temperature coefficient may be paralleled with one 
of a negative temperature coefficient to give a flat 
characteristic. 

The capacitance values available in single rod 
Cerafil units used in microcircuit designs range from 
10 to 5000 ppf. The temperature and voltage co- 
efficients are shown in Fig. 3. Power factor is 2.5% 
maximum and insulation resistance is 100 megohm-j 





FIG. 4. TYPICAL T-C CHARACTERISTIC of Cerol 
Capacitor Type CL 90. 


pf or 10,000 megohms whichever is smaller. Capac- 
ity tolerances as low as +5% are available although 
+10% and +20% are commonly used. The capaci- 
tors are flash tested at 300 volts. 

Where larger values of capacitances in the frac- 
tional microfarad range are required, especially 
where non-polar units are necessary, the Cerol ca- 
pacitor provides superior performance in the small- 
est volume. Fig. 4. shows applicable temperature 
and voltage characteristics. These units are usu- 
ally shaped as required to obtain the highest vol- 
ume efficiency in each particular microcircuit de- 
sign, providing a 20 pf capacity per cubic inch. 

The Cerol capacitor is produced by a process 
which permits the rolling of an extremely thin 
ceramic dielectric film upon which a precious 
metal is deposited. The rolled ceramic film is then 
fired to form a compact and monolithic structure 
capable of withstanding severe environmental con- 
ditions. These units are produced by methods sim- 
ilar to thise used for metallized paper capacitors. 

Tantalum capacitor data will not be given here 
since many manufacturers furnish slightly differ- 
ent data. Generally, the smallest unit with ade- 
quate performance is chosen or the purchaser may 
wish to specify the unit to be used. 

Diodes and transistors are selected in accord- 
ance with purchasers’ specifications. Where more 
expensive units are justified and where the micro 
diodes and micro transistors having the desired 
characteristics are available, the PSI units are used 
(Fig. 5). Where price, time, or performance char- 
acteristics are of primary importance, the units 
specified by the purchaser are used. Many times it 
is to his advantage to furnish these semi-conduc- 
tors either because of experience with particular 
units or because of availability and/or price. 

The interconnections internal to the microcircuit 
package are as important as the external ones. Both 
contribute to the reliability and volumetric effi- 
ciency of the end equipment. The printing of con- 
ducting paths and resistors reduces the number of 
junctions between elements and so contributes di- 
rectly to the reliability of the equipment. The 





FIG. 5. FULL ADDER for space-borne computer 


contains 85 components in !/," x 5@"' x |" volume. 


MILITARY SYSTEMS DESIGN 





versat 
uratio 
nique 
also b 
Trans 

The 
stage 
come 
ployir 
scribe 
are e& 
FOR M 


Sic 
As 
openir 


requir 
amper 
x 9/1 


3 











DIMI 
switc 
ampe 
switc 
erate 


The 
power 
fires, | 
causin 
circuit 
erate 1 
disc ai 
matur 

Apr 
first a 
0.68 n 
the X 
peratu 
gal ac 
or op 


r velopn 


1741 
design 
FOR M 


May- 


versatility shown by the different circuit config- 
urations illustrates the adaptability of the tech- 
nique to external connector designs. Terminals have 
also been brought out normal to the plate surface. 
Transistors and diodes are replaceable. 

The microcircuit concept has now reached the 
stage where production considerations have be- 
come paramount. Typical microcircuit designs, em- 
ploying the structure and components herein de- 
scribed, are responsive to these considerations and 
are economically practicable. 
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MEET 
THE 
CHALLENGE... 


Six-Circuit Explosive Switch 


A six-pole normally-closed switch for simultaneous 
opening of circuits in missiles or similar applications 
requiring high reliability, has a capacity of 10 
amperes per circuit, although it measure only 2” x 1” 


x 9/16” wide, and weighs only 11% oz. (Fig. 1). 
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DIMPLE MOTOR actuates 6-pole high reliability 
switch for missile actuation, picts: six 10- 
ampere circuits with weigh of only I!/> oz. View A, 
switch in NC (unoperated) condition; view B, op- 
erated condition, all circuits open. 


The switch operates in about 5 milliseconds, being 
powered by an M-4 dimple motor. When the motor 
fires, its internal gas pressure expands a diaphragm, 
causing the shaft to move forward, breaking all six 
circuits. The motor delivers a force of 10 lbs to op- 
erate the switch and to rupture a frangible aluminum 
disc at the end of the switch shaft which prevents pre- 
mature operation of the switch under severe shock. 

Approximately 5 vdc will fire the motor, but in its 
first application it was actuated by the discharge of a 
0.68 mfd capacitor, charged to 38.5 volts. Designated 
the XM-9 switch, it operates normally within tem- 
peratures from —65 to 160°F and withstands centrifu- 
gal accelerations up to 1000 G. Circuits remain closed 
or open under severe vibration. The switch is a de- 
velopment of Dial Service and Manufacturing, Inc., 
1741 Rockwell Ave., Cleveland, Ohio, based on a 
design by the Diamond Ordnance Fuze Laboratories. 
FOR MORE INFORMATION CIRCLE 104 ON READER-SERVICE CARD 
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AIR VOLUME CFM 


For airborne and missile cooling applications, the AXIMAX-3 when turning at 
20,000 rpm will deliver 165 cfm at free delivery. This performance is possible 
although the fan is only 2.8” in diameter, 2.3” in length and weighs a mere 14 


ounces. 


Variation in driving motors include constant speed and Altivar designs. The 
latter automatically vary their speeds inversely with density and thereby approach 
constant cooling with a minimum of power drain and noise. 

Mounting is simplified by the provision of “servo” clamping rims at either end 
of the barrel. Airflow can be reversed by turning the fan end-for-end. Electrical 
connection is made to a compact terminal block. Power requirement is 400 cps, 
1 or 3 phase. 


Write today for complete technical details to . . . 
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WOODSTOCK, NEW YORK 
In Canada: The Hoover Co., Ltd., Hamilton, Ont. 
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Damping for “White Noise” 
A new damping material having high efficiency for 

controlling the resonant response of structures ex- 
posed to high-frequency vibration, and wideband 
noise experienced in super-sonic jets, and missiles has 
been developed by the Lord Mfg. Co., Erie, Pa. The 
new material, designated Dyna-damp, employs a spe- 
cialized form of Lord’s BTR (broad temperature 
range) elastomer which is said to maintain excellent 
damping and environmental resistance characteristics 
over temperatures from —65° to 250° F. Temperature 
sensitivity at both ends of the scale has been a major 
limitation of previous damping materials. 

First announced in 1959, Dyna-damp structural 
sections have since been supplied to most major air- 
frame and missile contractors for their evaluation. 
Although these tests are not complete, results so far 
indicate that the material holds great promise for com- 
bating acoustic fatigue and structural response. Life 
of a Dyna-damp panel tested under high-intensity 
sound fields to 170 db has proved to be over 20 times 
that of solid aluminum sheet of equal thickness. 





HIGH Damping efficiency, long life characterize 
Dyna-damp panels. Typical fabricated sections be- 
ow. 





Dyna-damp laminated panels consist of plies of 
metal plates with BTR elastomer sandwiched between, 
and bonded to the plates (Fig. 1). The plates can 
be sheared, punched and formed by the usual stretch- 
forming techniques employed in the aircraft industry 
(Fig. 2). Produced in hat and angle shapes, and with 
approximately 60% the strength of solid aluminum, 
these formed sections applied to structural panels 
materially reduce resonant response to “white” noise 
and vibration. Alternatively, the Dynadamp sections 
can themselves be used as damped load-bearing beams. 
Technical Data on the Dyna-damp materials is con- 
tained in the Lord Engineering Report 325. 
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Specify the Finest 
Digital Voltmeter Made 











NLS SERIES 20... When the combi- 


nation of reliability, speed and accur- 


acy is of uncompromising importance 
— you can’t afford to gamble on 
“second best” digital measuring equip- 
ment! NLS Series 20 instruments are 
field-proven in the most critical appli- 
cations — missile and electronic sys- 
tems checkout, automatic process 
monitoring, sophisticated laboratory 
research, Be sure—specify NLS Series 
20, the instruments selected by major 
missile manufacturers after thousands 
of hours of competitive life testing. 


Features: M24 measures DC voltage, voltage 
ratio or resistance in a third of a second, V 4 
measures DC voltage and voltage ratio at same 
speed . both instruments feature advanced 
transistoried circuitry and mercury-wetted relays 
with life in excess of 3 billion readings . . 
stone digit accuracy on DC voltage and voltage 
ratio . . . completely automatic operation ... 
plug-in modular construction . . . AC or low 
level measurements with plug-in accessories . 
output connectors for yyy data logging. 
Ranges: DC voltage +.0001 +999.9; DC 
voltage ratio to + 9999; woe BE, -1 ohm to 
1 megohm. M24, complete: $5,650.00. V24, com- 
plete: $4,950.00. Write today for complete data. 


Originator of the Digital Voltmeter 





non-linear systems inc. 


DEL MAR (SAN DIEGO), CALIFORNIA 


NEW ... FREE 20-page Series 20 
booklet, most complete ever offered 
ona single DVM series. 
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LIGHT WEIGHT 


ONE OUNCE MAX. 


SMALL SIZE 


ONE CUBIC INCH MAX. 


MINIATURE 
PRESSURE 


TRANSDUCER 
FROM COLVIN 


Actual Size 
1” dia. x 1” long 


This new model of the Colvin Minia- 
ture Pressure Transducer Series 401 
has all the outstanding features of 
the first model — plus a 50% reduc- 
tion in weight. 


High vibration performance 
+35G to 5,000 cps 


Pressure ranges 
Absolute, differential and 
gage pressures 
0-3 to 0-400 psi 
Differential pressures 
+3 to +200 psi 
Standard Nominal Potentiometer 
Resistances 
400 to 10,000 ohms 
Electrical Connection 
Pigmy receptacle or 
soldering terminals 
Mounting 
Flange or bulkhead 




















Write for complete information. 


COLVIN 


LABORATORIES, INC. 
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Missile Test Transducer 


New Crescent type KB rectilinear transducers (Fig. 
1) are ac electro-mechanical bridge type units de- 
signed to sense linear position for measurement and 
control by utilizing the variable permeance principle. 
Five models, from 2” to 914” in length, cover linear 
ranges of 144” to 4”. The total mechanical stroke ex- 
ceeds the rated range to avoid damage from over- 
travel when the entire range is used. 





FIG. 1. RECTILINEAR transducers have a threaded 
'/,'' diameter body which can be screwed into a 
mounting fixture like a bolt, then rotated to a null 
position and secured by locknuts. 


Developed for use in testing missile engines, type 
KB withstands rapid environmental changes over tem- 
peratures from —160°F to 450°F, and are applicable 
in many airborne and industrial applications. Designed 
for operation with a maximum input of 24 v rms, 3000 
cps; if the transducer is operated at other frequencies, 
slight changes from rated values will be observed in 
maximum excitation voltage, phase shift and linearity. 
Rated phase shift is less than 10° with 3 ke carrier, 
and non-linearity is less than 0.5% over the rated 
range. 


FIG. 2. INTERNAL Wiring 
Connections, Type KB Trans- 
ducer. 


ane 


The null point of the bridge-type (Fig. 2) circuit 
can be shifted by adjusting the impedance ratio be- 
tween the reference arms of the bridge circuit. A two- 
arm inductive or resistive device is used as the refer- 
ence half of the bridge. 

In operation, movement of the sensing probe to 
either side of null causes an output voltage to occur 
across the bridge. Magnitude of this voltage is linear 
with probe displacement and reverses phase 180° at 


the null position. The working portion of the probe is. 


magnetic stainless steel, with the probe extension made 
of non-magnetic stainless. An integral Viking connec- 
tor which accommodates three +20 contracts and is 
rated for continuous operation above 450°F is fur- 
nished with each transducer. The KB transducer is a 
development of the Crescent Engineering & Research 
Co., 5440 No. Peck Rd., El Monte, Calif., and is 
hermetically sealed by encapsulation of its coils in an 
inert epoxy resin. 
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NEW VENTURI DESIGN 
SOLENOID VALVE FEATURES 
1” SIZE, 255 P.S.1. RATING, 

m DIRECT ACTING, 
sails YET WEIGHS 
by ONLY 1% LBS. 








o, ea! poe > 
CT re PL al AN st Valcor 
. or _ 


V-20000-04 
Shut-Off Model 
For Air, 

Gases, Fuels, 
Just 5%” High 


eee an 


KENILWORTH, N. J.—An entirely new direct acting venturi-type 
valve, in a 1” line size, yet weighing only 1% Ibs., has been 
announced by Valcor Engineering Corp. 

The valve combines an efficient venturi plus Valcor’s pat- 
ented, optically flat floating seal principle to insure a straight- 
through flow path without obstructions. The pressure recovery 
characteristics of the venturi allow the reduction of the inside 
diameter of the fluid line to a relatively small throat; this permits 
the use of a minimum. weight, direct acting solenoid. The self- 
lapping, floating seal disc, with its self-cleaning action with- 
stands normal contaminants and foreign matter. The combina- 
tion of the efficient venturi, the floating disc, and the direct 
acting design produces maximum reliability. 


Only high temperature insulating materials are used: teflon, 
silicone and glass. The coils are unaffected by mechanical and 
thermal shock, and maintain dielectric strength under salt 
spray, temperatures to 500°F and other adverse environmental 
conditions. Both valve and solenoid are rated from zero to 255 
psi, over an ambient temperature range of —65°F to + 250°F, 
with fluid temperatures between —30°F and +350°F — and 
up to 550°F for a maximum of 10 minutes. 

Ports are constructed in accordance with military standard 
fittings AND 10058-16. The valve is easily adaptable to any type 
of fitting. 

Further information, including technical literature on the 
new Model V-20000-04 venturi-type solenoid valve, is available 


- from VALCOR ENGINEERING CORP., Kenilworth, New Jersey. 
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SYSTEM DESIGN USING BACKGROUND-LIMITED 


The signal-to-noise ratio of modern infrared photon detectors is limited by the 
statistical fluctuations in the incident flux. Data are given for lead selenide and 
copper-doped germanium, as examples. By design of the optics-detector assembly 
to take full advantage of these detector characteristics, nearly the ulimate per- 
formance of a system can be attained. The required design concepts are outlined, 
and an example is given of the performance which may be expected from an opti- 
mized pulse-type system. Dr. Swift is head of Interceptor System Research, Santa 
Barbara Research Center, Goleta, Calif., a subsidiary of the Hughes Aircraft Co. 





y { 1 HE PERFORMANCE of a well 
designed passive infrared system 
using modern detectors is limited by the 
generation and recombination noise in 
the detecting element. If the detector is 
operated at a sufficiently low temperature, genera- 
tion of carriers in the detecting element is domi- 
nantly due to photon excitation. As a result, the 
detection and tracking range of a system is de- 
termined in the ideal case by the equivalent tem- 
perature of the background against which a target 
appears. By proper design of the optics—detector 
assembly, this ideal performance can be closely 
approached. The performance gains obtainable 
by these design concepts are particularly signifi- 
cant for cold body detection in space applications, 
where the background temperatures are very low. 
In order to outline the system design concepts 
required to take full advantage of background- 
limited infrared detectors the fundamental charac- 
teristics of such detectors must be clearly under- 
stood. These characteristics are described, and 
typical detector measurement data are presented. 
These data illustrate the degree to which presently 
available detectors approach this theoretically ideal 
radiation transducer. 

A general performance equation is given for a 
pulse-type system using background-limited de- 
tectors, followed by a discussion of the significant 
factors to be considered in the design of an opti- 
mized system. 

Finally, an example is given of the performance 
‘which can be achieved by this approach. 





BLIP Detector Characteristics 


The term “BLIP” detector refers to a Back- 
ground-Limited Infrared Photoconductor. This term 
was originated by Burstein’? and is discussed by 
Petritz*. The electrical conductivity of this ideal 
transducer is determined only by the incident 
photon flux on the detector; i.e., the rates of ther- 


14 


mal and impact ionization of carriers are negligible 
in comparison with those from photon ionization. 

By present engineering convention, the quality 
of a detector is characterized by its spectral de- 
tectivity*, D*(A). This quantity is defined as the 
rms signal-to-noise ratio produced in a one-cps 
electrical bandpass amplifier, when a detector one 
cm? in area is illuminated by one rms watt of 
sinusoidally-modulated radiation at wavelength Aj. 
In over-simplified terms, it is the signal-to-noise 
ratio per watt of incident radiation. 

The detectivity of a BLIP detector®* is given by 


Vind 
: 2he VJ 
V/A (microns ) vas tunnrieie 


VJe (1) 
where: h is Planck’s constant; c is the velocity of 
light; Jz is the background flux (photons/cm?/sec) 
on the detector of wavelengths less than the maxi- 
mum, Am, for which the detector is designed; and 
» is the detective quantum efficiency, and would 
equal unity for the ideal detector. It is the ratio 
of the effective-to-incident photons. 

The response of an ideal photoconductor is 
shown in Fig. 1. The value of the long wavelength 
limit is determined by the energy gap of the photo- 
conductor material. The response is proportional to 
wavelength because the detectivity is defined as the 
signal-to-noise ratio per watt. The response in terms 
of signal to noise per unit photon flux would be 
independent of wavelength since photoconductors 
detect photons, not watts. 

The detectivity of a cold BLIP detector with 
unit quantum efficiency (Equation 1) is shown in 
Fig. 2. The solid lines give the peak detectivity 
**According to Petritz*, the limiting detectivity of a 

photovoltaic detector is larger by 2 than this value 

for a photoconductor. This is because recombination 


noise is not believed to be present in the detector 
output. 


i {k) = 


= (2.52 x 1018) 
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FIG. 2. PEAK detectivity vs. cut-off wavelength for a 
BLIP detector. Background flux is from a hemisphere at 
200° and 300°K. Dashed lines indicate spectral de- 
tectivity for detectors having Am = !4 and 30 microns. 
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FIG. 4. SQUARE ROOT of the total photon flux from 0 
to the indicated wavelength, with hemispherical field 
of view. 
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for a detector that “sees” background radiation 
from a hemisphere at either 300° or 200° Kelvin. 
The peak value is increased with lower background 
temperatures because the detector noise is pro- 
portional to the square root of the background flux. 
The peak value is also a function of the long-wave 
length limit, A, for a similar reason. 

It appears from Equation (1) that there is no 
limit to the detectivity which can be achieved. All 
that is needed to increase the signal-to-noise ratio 
is to reduce the flux on the detector, Jg. There is, 
however, an upper limit which appears when the 
constant background flux is reduced to less than 
the signal flux. At this point the signal-to-noise ratio 
of the signal photon stream is the controlling fac- 
tor. For most design problems, however, the signal 
flux is many times less than the background flux 
on the detector. 


Effect of Radiation Shielding 
on Detector Performance 


Nearly all present-day infrared detectors, when 
adequately cooled, are background noise limited. 
Examples of such detectors are lead selenide, indi- 
um antimonide, and copper-doped germanium. The 
flux on the detector can be reduced by two radia- 
tion shielding techniques. The first is the use of 
geometric shielding, to limit the view so that the 
detector, ideally, receives radiation only through 
the optics. The second is wave-length shielding, 
which employs filters to eliminate radiation in non- 
useful wavelength regions. These techniques are 
illustrated in Fig. 3. 

The effect of wavelength shielding can be de- 
termined from Fig. 4, where \/Jg is plotted for 
various background temperatures and detector 
long-wavelength cut-off. These calculations are 
based on the radiation received from a hemispheri- 
cal field of view. The effect of geometrical shield- 


ing can be calculated from the half-cone angle of’ 


view, 6, permitted the detector by a cold opaque 
shield. The value of Jz used in Equation (1) is that 
obtained from Figure 4, multiplied by sine 6. It is 
interesting to note that sine @ is the numerical 
aperture of the optics, where 6 is the half angle of 
the cone of focused radiation. 

The effects of both geometric and wavelength 
shielding on the detectivity of lead selenide de- 
veloped at the Santa Barbara Research Center 
(SBRC) are shown in Fig. 5. Similar results are 
obtained by radiation shielding of other types of 
detectors. Application of these techniques to an 
SBRC search-track system increased the signal-to- 
noise ratio of the lead selenide detectors by a fac- 
tor of five. As a result, the detection and tracking 
range of this system was more than doubled. 

The degree to which presently available detec- 
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tors approach the ideal, or BLIP, detector, is ap- 
parent from recent measurements on copper-doped 
germanium. The spectral detectivity of this detector 
when operated at liquid helium temperature is 
shown in Fig. 6. Its peak response is at 25 microns. 
Fig. 7 shows the same detector used with a cold 
barium fluoride filter. With this filter, the peak 
response is at 14 microns—the appropriate value 
for a system operating in the 8- to 14-micron atmos- 
pheric transmission window. 

Both Figs. 6 and 7 contain for reference the de- 
tectivity (dashed line) for a BLIP detector with 
unit quantum efficiency and having the same view 
angle as in the measurement experiment. Compari- 
son of the measured and BLIP values shows that 
the signal-to-noise ratio averages 40 to 45% of the 
ideal value over the responsive wavelength region. 

Fresnel reflection at the KRS-5 detector package 
window is 29%; 36% of the remaining photons are 
reflected at the first surface of the germanium 
crystal. These two effects in series constitute a 51% 
loss in incident radiation. An additional small loss 
is attributed to transmission through the germani- 
um crystal. It is clear, then, that the detecting 
crystal utilizes the photons that enter it with near- 
ly 100% efficiency, and the detector noise is that of 
fluctuations in the number of carriers produced by 
the photon excitation. 

The reflection losses at the optical surfaces of 
the detector flask window and the germanium 
crystals can be greatly reduced in principle by the 
use of appropriate interference coatings. Assuming 
that 80% of this loss can be so avoided, the signal- 
to-noise ratio of a packaged detector would be in- 
creased from 45 to 70% of the BLIP value. This 
value corresponds to a quantum efficiency of 0.5, 
which is close to the ideal. 

Decreasing the background flux, Js, depresses 
the photon-excited generation-recombination noise, 
and eventually other noise sources will dominate. 
It is possible to evaluate this factor by considering 
that the detectivity of a copper-doped germanium 
detector has been increased tenfold over the values 
shown in Fig. 6. This was accomplished in the 
laboratory by employing radiation shielding tech- 
niques, and corresponds to a value of about 10% 
photons/cm?/sec for Jz. This value is as low as can 
be achieved in the design of an optical collection 
system for viewing cold space; therefore the de- 
tector will be background limited for = applica- 
tions of interest. 


The Range Equation 


A pulse-type system generates detector output 
signals by scanning the detector over the field of 
view. A point source of energy in the field of view 
generates a pulse when its image moves over the 
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FIG. 5. EFFECT of geometric and wavelength shielding 
on the detectivity of SBRC lead selenide at 77°K. The 
extent of geometric shielding is indicated by the f/num- 
ber, i.e. (aperture diameter)/(distance from detector). 


detector. This type of system utilizes the informa- 
tion from the detector more efficiently than does 
the more conventional carrier-type (e.g., reticle) 
system. 

The range equation for a pulse-type search sys- 
tem using background-limited photoconductors as 
detector elements can be readily obtained using 
Equation (1) and the results given in Reference 4. 
This gives 








Vv ‘ 
R? = f,7 T, (A) H(a) da (2) 
VJn ¥° 
where 
as (NA)d (CV \% _ 
4 V,/V, ( a } " ay 


and where the symbols have the following mean- 
ings: 

T, (A) = spectral transmittance of the path be- 
tween the detection system and the target; T, (A) 
= spectral transmittance of the optics, including 
losses due to absorption and imperfect reflectance, 
and to blocking elements; H (A) = spectral emit- 
tance of the target (photons/seconds-steradian); 

m = maximum wavelength of photoconductor 
response; Jz = background flux (photons/cm? - 
second) on the detector package in the wavelength 
range 0 to Am; V,;/Vn = ratio of peak signal pulse 
to rms noise voltage. The value of this ratio de- 





pends on the required detection probability and 
the tolerable false-alarm rate; (NA) = numerical! 
aperture of the optics, including the condenser, if 
any; d = diameter (cm) of entrance pupil of 
optics; R = range to target (cm); C = number of 
independent detector channels, assuming all de- 
tectors used 100 percent of the time; V = visibility 
factor, a function of the electrical filtering em- 
ployed.* It approaches the value of 2.0. 9 = field 
coverage rate (steradians/second ), which is usually 
equal to 2/T, where 0 is the field to be scanned 
and T is the frame time. Finally, » = quantum ef- 
ficiency of the packaged detector. 

The quantity, Y, in Equation (2) is determined 
by the system design, target range, and the quan- 
tum efficiency of the packaged detector. The 
integrand contains the spectral transmittance of the 
atmospheric transmission path and the optics, to- 
gether with the target’s spectral emittance. It is 
apparent that if the number of detecting channels 
and aperture diameter are selected, and the re- 
mainder of the system design parameters are opti- 
mized, then the only remaining opportunity to im- 
prove performance is to reduce the background 
flux, Jz, on the detector. 

It is clearly important that the background flux 
on the detector be minimized as this is the only 
fundamental limit on performance, other than the 
statistical fluctuations in the signal photon stream. 
In reducing this flux there is much opportunity 
for ingenuity in the design of the sensor head. For 
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Let our 106 years of experience 
making sapphire parts, 
aid you in your problems! 


Sapphire for Infra-Red 


WINDOWS: round or square. Suitable for detector windows, 
substrates for reticles and filters, fluid cells, general systems. 


LENSES, DOMES: concave or plano-convex. Suitable for de- 


tector cells, viewing domes. 


SPECIALTIES: special shapes, made to your print. Optical 


tolerances available. 


STRONTIUM TITANATE: lenses and windows. 


HUGO P. KELLER, Jr. 


50 East 42nd Street, New York 17, N. Y. 
Phone MUrray Hill 2-8450 
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Quality. 
miniature & sub-miniature 
Hermetically Sealed 


thermostats 
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Illustrated here 
are the results of 
25 years experience 
in the thermal control 
field. All Chatham 
Thermostats have a 
patented positive 
contact wiping action 
for longer life. 


WIDE VARIETY TO MEET MILITARY 

and INDUSTRIAL APPLICATIONS 

* Insulated and grounded models. 

* Close differential—long life 

, * Sizes 3/16” & 1/4” dia. 

* Tin plated brass cases 

* Adjustable from -65°C to 150°C— 
Specials to 235°C max. 

* Special mounting brackets to 
customer specs. 


Write or phone for technical bulletin 


CHATHAM 
CONTROLS corr. 


136 River Read, Chatham, N. J., CRestview 3-7300 
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an airborne application the equipment might be 
flying at high altitude, such as 70,000 feet, where 
the ambient air temperature is about 225°K. The 
detector will receive background flux from the 
emission of atmospheric constituents, the optics, 
and optical supporting members. If all of the sensor 
head components are operated at the ambient air 
temperature, instead of being warmed, Jz will be 
reduced. 

Other design measures can also be employed in 

varying degrees to reduce Jy. Some of these are: 

1. Provide cold geometrical shielding in the de- 
tector package to limit the acceptance cone 
angle for radiation to the minimum which is 
necessary. Ideally, the detector should be re- 
stricted so as to see out only through the 
optics. With finite detector area this can be 
done by either placing the cold field stop at 
the entrance aperture, or by reducing the ef- 
fective aperture diameter below that physical- 
ly available. 

2. Restrict the wavelength region “seen” by the 
detector to only those portions where the con- 
tribution of signal energy outweighs the de- 
gradation due to additional background flux. 
For example, operation in the H,O or CO, 
absorption bands probably is detrimental to 
performance. 

3. Minimize the emissivity of reflecting surfaces 
of the optics. 

4, Minimize the emissivity of detector flask win- 
dow. 

5. Reduce to a minimum the solid angle sub- 
tended at the detector by optical support 
members. 

6. Block the view of supports, etc., from the 
detector by portions of spherical mirrors, with 
the center of curvature of these shielding mir- 
rors placed at the detector. 


Design Example 


In order to illustrate the design concepts de- 
scribed, the range equation (2) may be used to 
evaluate the performance of an infrared sensor. 
Simplifying assumptions are made in order to 
prevent obscuration of the significant factors. 

A system operating in the 8- to 14-micron atmos- 
pheric window is to detect a 300°K (27°C) black- 
body target which is one square meter in area. It 
is assumed that the target is above the atmosphere 
and that the sensor “sees” it through the atmos- 
phere by its contrast against cold space. Thus the 
target signal is attenuated (T, = 0.8); but more 
significantly, the atmospheric radiance of the 
transmission path will generate noise in the de- 
tector. - [we 

The following parameter values have been used: 
Aperture diameter—60 cm or two feet; optical 
transmission—60% due to blocking of aperture by 
the secondary mirror; required signal-to-noise ratio 
(V,/V:) = 5; number of detector channels, C = 5; 
pulse visibility factor of the electronics, V = 1.6; 
and the quantum efficiency of copper-doped 
germanium detector, 7 = 0.5. The field scanning 
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New Series of Indium Antimonide Infrared Detectors by Radiation 
Electronics Co.: |. to r.—PC-02, A-04 (J-02 same dewar as PC-02). 


Indium Antimonide 
Infrared Detectors 


PHOTOVOLTAIC detector, Model 
J-02, operates at liquid nitrogen tem- 
perature and exhibits high sensitivity 
from the visible region to 5.7 mi- 
crons. Because of its very small area 
(0.1 x 0.1 mm2?), fast response, and 
sensitivity, the J-02 detector permits 
the design of infrared systems with 
high optical gain, high resolution, 
and very rapid scanning rates. Imped- 
ance is approximately 50,000 ohms. 
The J-02 is efficiently coupled to 
both transistor and vacuum tube pre- 
amplifiers. Linear arrays of detection 
elements can be fabricated for spe- 
cial applications. 


PHOTOCONDUCTIVE detector, 
Model PC-02, operates at the dry ice 
point with sensitivity from the visible 
region to 6 microns. The PC-02 is 
conveniently coupled to both tran- 
sistor and vacuum tube amplifiers. 
‘Standard detector area is 1 x 1 mm?; 
other detector areas available from 
0.5 xX 0.5 mm? to 2 x 2 mm’. Time 
constant less than one microsecond. 


PHOTOELECTROMAGNETIC (PEM) 
detector, Model A-04, operates at 


ambient temperatures and does not 
require bias supply. Sensitive from 
the visible to seven microns with a 
time constant of less than one micro- 
second. Standard detector element is 
1 X 1 mm?, and other sizes from 
0.5 X 0.5 mm? to2 x 1 mm? can be 
furnished. Normally used with an 
input transformer for efficient cou- 
pling to transistor or vacuum tube 
amplifiers. Housed in a hermetically 
sealed, ruggedized package, the A-04 
is supplied with a magnesium oxide 
window. Other window materials, 
such as sapphire or arsenic trisul- 
phide, are also available. 


Radiation Electronics Company 
also manufactures high speed radi- 
ometers, industrial radiation ther- 
mometers, thermal scanning devices, 
blackbody reference sources, and 
low noise preamplifiers. Prompt at- 
tention will be given to your special 
problems by our experienced scien- 
tific and engineering staff. Contact 
RADIATION ELECTRONICS COMPANY, 
Division of Comptometer Corpora- 
tion, 5600 Jarvis Avenue, Chicago 
48, Illinois. Dept. MS. 





























SPECIFICATIONS 
PEM PHOTOCONDUCTIVE PHOTOVOLTAIC 
Operating Temperature 20°C —78°C —196°C 
NEP* (500°K), watts 3.3 x 10-9 1.5 x 10-10 7 x 10-12 
NEP* (5 microns), watts 1 x 10-10 3 x 10-11 1.4 x 10-12 
Spectral Cutoff, microns 6.9 6.1 5.7 
Sensitive Area, mm2 1x1 1x1 0.1 x 0.1 
Tamosaceots <1 <1 <1 
Typical Resistance, ohms 5 100 50,000 
‘*] cps bandpass at 500 cps 
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rate chosen is a 10° square field in one second, or 
© = 0.03 steradian/second. 

To compute detection range from Equation (2), 
the constant flux, Jz, on the detector must be de- 
termined. It is assumed that all of the design meas- 
ures listed have been employed. The detector will 
then “see” the atmospheric radiance value which 
is within the instantaneous field of view, added to 
the emission from the two mirrors of the reflec- 
tive optical collector. These two radiance contribu- 
tions will be “seen” over the solid angle of the 
focused rays on the detector. Thus the total flux 
on the detector can be represented approximately 
by 


Js = (NA)? i Neg ike. + male 6 


a 


where the R’s are blackbody spectral radiance 
values (photons/cm?/sec); the «s are emissivities; 
and the subscripts a and m refer to the atmospheric 
path and mirror, respectively. 

If Equation (4) is substituted into Equation 
(2), the numerical aperture (NA) of the optical 
collector cancels out. Thus the optical speed of the 
collector is unimportant. For this to be true, three 
conditions must hold; a) the detector must “see” 
only through the optics; b) the detector is back- 
ground limited; and c) the system is detector-noise 
limited. 

Returning to Equation (4), it has been assumed 
that within the 8- to 14-micron window the atmos- 
pheric radiance can be represented by an equiva- 
lent blackbody temperature and an emissivity, as 
was done for the mirror. If the temperature of the 
mirror and atmosphere were the same (say 300°K), 
then R, = Rp, and this value can be obtained from 
Fig. 4. 

Equation (4) then shows that the system per- 
formance is limited by the sum of the atmospheric 
and mirror emissivities. With the sensor looking up 
from the operational altitude of an aircraft, the 
mirror emissivities will likely dominate. At ground 
levels, atmospheric radiance will govern perform- 
ance. 

The range can be computed from Equation (2) 
using the chosen parameters and «, = 0.1 and en = 
0.05, which are reasonable values. The range is 90 
miles, for a signal-to-noise ratio of 5 from a one- 
square-meter target at 300°K. This performance 
is equivalent to detection of the thermal radiation 
of a refrigerator ice cube at three miles range. 
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Your data handling system, 
whether RF carrier or wire 
transmission line, may require 
time-sharing to increase its 
capacity and efficiency. 


In the past, the advantages 
of motor driven switches used 
for multiplexing were out- 
weighed by their disadvan- 
tages. They were smaller, 
lighter and simpler but, 
because of high contact resis- 
tance, bounce and short life, 
they contaminated data. 


Then IDL introduced multi- 
fingered brushes traveling on 
the inner periphery of cylin- 
drical sections to minimize 
resistance and bounce and 
extend trouble-free life to hun- 
dreds of hours. These con- 
cepts have been successfully 
applied to missiles in sampling 
900 data points per second for | 
more than 500 hours without 
signal contamination even in 
the milli-volt signal level 
ranges. 


For example, Switch No. 
500660 is a complete unit 
within a compact case, avail- 
able at reasonable cost and 
capable of sampling up to 180 
transducers. It combines 2 
poles of 30 data channels with 
2 poles of 60 data channels, 
each operating at 5 rps. 











P For furtherinfor- 
or mation, write for 
— WK Technical Bulletin 
wma e «NO. 500660; or let us 
propose a solution to 
your Time-Sharing 
Problem. 
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TEST INSTRUMENTS 


for ELECTRICAL EQUIPMENT 


Laboratory 
Production 





Maintenance 





Voltage Breakdown Tests 


Bench HYPOT® Test Sets, a-c and d-c 
models, have outputs to 30 kv. Sep- 
arate 42” meters for test voltage 
and leakage current. Wide selection 
of models. 

Model 424 Bench HYPOT® provides 
0-5000 v d-c. For testing cables, con- 
densers, coils, transformers, motors, 
and assemblies. Measures leakage 
current from 0.1 microampere to 100 
microamperes over four scale ranges. 
Rapid testing of capacitors with out- 
put of 5 milliamperes under short 
circuit. Operates from 110-120 v 
50/60 c outlet with long-life selenium 
high voltage supply. 

Net complete........... $497.50 


@ Insulation Materials Tester 
Dielectric strength determined to lab- 
oratory precision. Interchangeable 
test fixtures for varnishes, porcelain, 
tape, acetate sheet, films, tubing and 
cloth. Write for Bulletin, Model 4501 
HYPOT® Materials Tester. 


@ Insulating Oils Tester 


New portable design, only 42 lbs., 
for testing insulating oils at point of 
application as well as in the labora- 
tory. Test potential variable from O 
to 35 kv, with 2 kva rating. Write for ° 
bulletin Model 4505 HYPOT® Oil 
Tester. 

@ Measure Resistance to 
FIVE MILLION MEGOHMS 
VIBROTEST® megohmmeters provide 
direct reading measurements to FIVE 
million megohms and higher with 
electronic power supply that elimi- 
nates tedious cranking. Write for bul- 
letin ‘‘VIBROTEST"’. 


@ Test Electrical Grounds 
VIBROGROUND® measures resist- 
ance to ground of electronic, tele- 
phone, and power equipment. Direct 
reading. Operates from. self-con- 
tained battery. Write for Bulletin 
**VIBROGROUND"’® 


@ Special Instruments 


A. R. 1. engineers have developed 
instrumentation to meet many spe- 
cialized research, development, and 
production applications. Your inquiry 
for special equipment will receive 
prompt attention. 







Complete Catalog 
Write today! 
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Ultra-Precision Selector Switch 


Designed specifically for applications requiring a 
small unit, low friction torque, high accuracy and 
low electrical noise, this precision switch is packaged 
in a standard #10 synchro housing. Its clean, neat 
design incorporates a precision slip ring-commutator, 
made possible through Electro Tec’s patented electro- 
deposition process. 
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FIG. 2. LOW-TORQUE SWITCH construction in 
#10 synchro case includes: (1) Slip ring and com- 
mutator assembly, (2) brush block, (3) precision ball 
bearings, (4) housing, (5) end plate, (6) retaining 
ring, (7) retaining spring, (8) brush block mounting 
plate. 


Built-in versatility of this precision switch recom- 
mends it for a variety of uses, such as: indexed se- 
lector switch; sampling up to 10 circuits; pulse gen- 
eration for precision measurements; telemetering ap- 
plications; strain gauge and thermocouple switching; 
sequential scanning purposes; and numerous applica- 
tions in aircraft, guided missiles, servomechanism, 
and computers. (Fig. 1) 

The unit, Fig. 2, consists of 8 slip rings intercon- 
nected to an 8-segment commutator. 24K gold is used 
for the slip rings and commutator, while brushes are 
made of a special gold alloy in order to minimize 
contact resistance and maintain the lowest possible 
electrical noise level. Low starting torque (6 gram/cm 
max) selector switch is available with up to 10 posi- 
tions in standard size 10 synchro housing. The regu- 
lar dielectric material is suitable for ambient temper- 
atures from —55°C to 100°C. Switches for higher 
temperature operation can be supplied on special or- 
der. (From 4-page brochure, Electro Tec Corp., 
So. Hackensack, N. J.) 
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FAIRCHILD 
SENSING 
DEVICES 
PROVEN 
IN FLIGHT 





THANKS TO A FAIRCHILD PRESSURE TRANSDUCER 


At the heart of the Capsule Pressurization System, built by Fairchild TPH-175 Miniature 
Garrett Corporation’s AiResearch Division for the McDonnell (1.75” Dia.) Pressure Trans- 
Aircraft Corporation — as part of NASA’S Project Mercury ducer has a dual output, can 
Space Vehicle — is a miniature (1.75” Diameter) FAIRCHILD take pressure from 0 to 


TPH-175, PRESSURE TRANSDUCER. It monitors the pressure of 10,000 psi and up to 100% 


Stake over pressure without damage. 
oxygen remaining in the storage tank under the most severe It is hermetically sealed and 


environmental conditions. ae Takes 
A dual output transducer: One output goes to the astro- dig seca lh sn 


naut’s control panel, reassures him that plenty of oxygen is bt cach. Of theee quite. wltheat 
still available. The second output goes to the telemetering damage. Twin spring design 
system for relay to ground control stations. eliminates all linkages and 


Another example of how Fairchild draws on the engineering: pivots. Also available in 2” 
skills that make them the foremost manufacturer of high- and 3” sizes with linearities as 
performance precision sensing devices. low as 0.5%. 


Fairchild components . ... built and tested beyond the specs for Reliability in Performance. 


IRGHILD conrorarion ff res 


COMPONENTS DIVISION 
225 Park Avenue, Hicksville, L. 1., N. ¥. 6111 E. Washington Bivd., Los Angeles, Calif. POTENTIOMETERS 


A Subsidiary of Fairchild Camera and instrument Corporation ACCELEROMETERS 
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Electronic Cireuitry 





A continuing MILITARY SYSTEMS DESIGN feature, these circuits are 
selected because they represent good design. Significant character- 
istics which are not self-evident from the diagram are explained in 


the printed commentary. 


Basic Zener Regulator 


In its simplest form the zener diode regulator 
consists of a source of dc, a series resistor, and a 
shunt-connected diode as shown in Fig. 1. 

The value of R, is determined by the load re- 
quirements. If R, is too large, the diode will be un- 
able to regulate at large values of I,. Conversely if 
R, is too small the diode dissipation rating may be 
exceeded at low I;, values. The optimum value for 
R, can be calculated from the equation; 


Vinmin —V, 
KR = 
Trenax + 0.11 pmax 





where: V;, = supply voltage 
V, = zener voltage 
I, = load current 


note: 0.11; is an empirical figure to insure diode 
regulation at high load currents. 

When R, is known, the maximum diode dissipa- 
tion can be calculated by applying the following 
equation; 

Vinmax —V, 


P = —I, V; 





= 


R, 
where Py = zener diode dissipation 
R, = series resistor in ohms 


Series Transistor Regulator 


Although the zener diode finds application in 
high current power supplies, its power handling 
ability is limited by the available dissipation. It 
would be quite impossible to use the circuit shown 
in Fig. 1 to control—say 1,000 watts—unless the 
diode was of rather immense proportions. 

In these situations, it is customary to use a tran- 
sistor (or group of transistors) as the series ele- 
ment in conjunction with a zener diode controlled 
reference. Such a circuit is shown in Fig. 2. The 
source, V;,, is applied to the zener diode through 
R, and the base bias resistor Rg, establishing a ref- 
erence base voltage with respect to the positive 
terminal. In effect the transistor functions as an 
emitter follower. Thus the emitter voltage is held 
within a few tenths of a volt of the base potential, 
which is determined by the zener diode. 

The transistor acts as a series element to absorb 
voltage variations. Since the entire load flows 
through the transistor it must be able to dissipate 
the power absorbed by the junction. The power 
handling ability of the supply shown will be deter- 
mined entirely by the number of transistors used 


‘Courtesy Bendix Application Notes. 





and the ability to remove heat from the junc- 
tion (s). Zener current is reduced to a small frac- 
tion of the original (Fig. 1) by employing the 
transistor. 

Typical values for Fig. 2 might be R, = 22 ohms, 
R, = IK, in conjunction with a 4.7 volt, % watt 
zener diode. To check regulation a fixed load was 
attached to the output terminals and the input 
voltage varied between 0 and 30 volts. The result- 
ing curve is shown in dashed line in Fig. 3. As 
a check of output regulation, the input was set at 
16 volts and the value of I;, varied between 10 and 
130 ma. The output regulation is shown by the sol- 
id line in Fig. 15. 

To illustrate the improvement by using low dy- 
namic resistance diodes, a 3.5 watt International 
Rectifier Corporation 3Z 4.7 diode was substituted 
for the X watt unit. The increase in regulation was 
approximately 10:1. 

This circuit can deliver a variable regulated out- 
put by installing a 1K potentiometer across the 


zener diode and connecting the movable arm to the 
base of the transistor. The regulation factor will be 
reduced slightly due to the shunting effect of the 
potentiometer. 

Somewhat better regulation will be obtained if 
various zener diodes are switched into the circuit 
for different output voltages. 


High Voltage Supply Zener-regulated 


Although zener diodes are not usually associated 
with high voltage supplies (300 v.), they may be 
used in conjunction with transistors having a high 
E.. breakdown. 

Such a transistor is the 2N1136B, which has an 
Eee of 80 volts and features 60 watts dissipation. 
This transistor is used as the series element in the 
negative lead of a high voltage regulated supply ' 
(Fig. 4). The difference between input and output 
voltage is 80 volts with minimum load conditions. 
At the 200 ma maximum power supply rating, the 
transistor dissipates something less than 16 watts. 

In operation, an increase in the load current 
causes a decrease in the bias on Q2 through the 
compound connected pair (Q3, Q4). The action of 
Q2, in turn, increases the bias on Q1, decreasing its 
resistance and thereby returning the output voltage 
to its nominal value. A decrease in load current 
reverses the action just described maintaining the 
output voltage at the correct value. 

Source: “Zener Diode Handbook,” International 
Rectifier Corporation, E] Segundo, Calif. 
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FIG. 4. HIGH VOLTAGE solid-state 
regulated supply for 300 v, 200 ma 
output. 
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REVERSING DRIVE CONTROLLED 
BY SILICON CONTROLLED RECTIFIERS 


A full wave reversing control or servo as shown 
in Fig. 7.13 can be designed around two SCR’s with 
common cathode (SCR2, SCR3) and two SCR’s 
with common anodes ((SCR1, SCR4). In this cir- 
cuit, SCR2 and SCR3 are fired by the unijunction 
transistor, UJT Ql. Since SCR1 and SCR4 have 
electrically isolated cathodes, the gate signal pulse 
generated by UJT Q3 is coupled to the SCR gates 
by isolated secondary windings on transformer T1. 
Transistor clamp QS synchronizes the firing of Q3 
to the anode voltages across and SCR4. 

Potentiometer Rl can be used to regulate the 
polarity and the magnitude of output voltage across 
the load. With R1 at its center position, neither 
UJT fires and no output voltage appears across 
the load. As the arm of Rl is moved to the left, 
Q1 and its associated SCR’s begin to fire, At the 
extreme left hand position of R1, full output voltage 
appears across the load. As the arm of R1 is moved 
to the right of center, similar action occurs except 
the polarity across the load is reversed. 

If the load is a DC motor, plugging action occurs 
if Rl is reversed abruptly. R14 and R15 are used 
in series with each end of the transformer to limit 
fault current in the event a voltage transient should 
fire an add or even-numbered SCR pair simultane- 
ously. 

Input: 117v ac unregulated, —3v to —20v dc 
power for transistor. 

Output: De power to drive load, 25 to 250v 
approx 10 amperes, as required by application and 
furnished by To. 

Source: Circuit 7.9, “Controlled Rectifier Manu- 
al,” Semiconductor products Dept., General Electric 
Co., Electronics Park, Syracuse, 1, N. Y. 




















POSITION SERVO USING SILICON CONTROLLED RECTIFIERS 


Fig. 7.14 illustrates the use of SCR’s in a relative- 
ly simple, yet highly reliable and compact position 
servo system. SCR1 and SCR2 deliver power to 
the respective fields in a split field generator or a 
pair of magnetic clutches. Which of the two fields 
is being excited at a given time depends in which 
direction the slave potentiometer is displaced from 
the position of the master potentiometer. By means 
of the free-wheeling rectifiers CR5 and CR6 across 
each of the fields, continuous DC current passes 
through each field when it is being excited. 

Figure 7.15 illustrates voltage and current wave- 
forms in this circuit. The first cycle represents the 
conditions when the arms of the master and slave 
potentiometers are in the same position. In this 
relative position, no AC voltage appears between 
the two arms and Q] is biased by iB so that voltage 
Vo on the emitter of Q2 is slightly less than the 
necessary to fire this UJT. Neither SCR1 nor SCR2 
conducts under these conditions, If the master arm 
is moved down to a new position, voltage Vz de- 
velops between the arms of the slave and master 
potentiometers as shown in the second cycle of 
Figure 7.15. The polarity of Vg is such that ig is 
reduced while the anode of SCRI1 is positive and 
increased when the anode of SCR2 is positive. Thus 
Vo increases and fires the UJT and SCRI1 during 
the half cycle that the anode of SCR1 is positive. 
Vo decreases during the alternate half cycle, 
further preventing SCR2 from firing. The slave arm 
is mechanically coupled to the load so that as 
SCR1 fires and initiates movements in the mechan- 
ical system, the slave arm is moved down toward 
the position of the master arm. As it approaches 


4 FIG. 7.13 


the equilibrium position, Vz decreases and the fir- 
ing angle increases to 180 degrees, at which point 
the system comes to rest. 

If the master arm is displaced upward, the sys- 
tem behaves similarly except that SCR2 and its 
associated field is excited instead of SCR1. 

Input: 117 v ac 60 cps. 

Output: Rectified and controlled de current to 
either of two clutch or split generator fields, di- 
rect from 117v line. 

Source: Circuit 7.10, “Controlled Silicon Recti- 
fier Manual,” Semiconductor Products Div., Gen- 
eral Electric Co., Electronics Park, Syracuse 1, 
N. Y. 






FIG. 7.15. VOLTAGE and current waveform rela- 
tionships in Circuit 7.10. 
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ELECTROMETER MEASURES CURRENTS OF 10—-'* AMPERE 


This balanced electrometer circuit is essentially 
a bridge. Electrometer tubes use low operating 
voltages, high vacuum, and low cathode-emission 
current to keép the grid current at 10~—'7 amp. The 
grid current includes not only electron and ion cur- 
rent, but also insulation leakage current and the 
current required to charge each capacitance from 
grid to ground, including probe capacitance. By 
proper balancing of the electrometer circuit (in- 
cluding plate resistance, accelerating grid poten- 
tial and filament temperature), the circuit can be 
made insensitive to all factors other than desired 
signal current. Owing to the fact that the input 
probe is basically a capacitance that is being 
charged, the signal current can be calculated direct- 
ly from the rate of change of the galvanometer 
current. 

One problem is adjusting the zero-signal deflec- 
tion rate. Grounding points are provided for both 
the inner and outer glass surfaces of the probe 
chambers, permitting surface charge to leak off 
without affecting the signal. 

Adjustments must be made on the filament, 
plate and accelerating-grid balance controls. Major 
balance is first made from the accelerating-grid 
balancing resistor (the 5k resistor connecting the 
grids). As this affects the zero-signal drift, compen- 
sating adjustment is made via’ the filament balance 
resistor (the 10-ohm resistor connected to SW1.). 


Victoreen Type 5800 electrometer tubes are 

used, and —1.5 v bias was used because the grid 
current does not change much with grid voltage at 
this bias and stability is improved. Grid bias is ap- 
plied by closing switches 3A and 3B. These switch- 
es were operated by magnets because the entire 
probe and input system were in a vacuum. 
- An L&N Type R reflecting galvanometer was 
used as signal amplifier and detector. Sensitivity 
was 0.0027 »a per mm deflection at 1-meter scale- 
to-mirror spacing. Galvanometer period was 3 sec- 
onds; internal resistance 515 ohms; external critical 
damping 2200 ohms. (A chopper-stabilized d-c 
amplifier could be used instead of the galvano- 
meter. ) 

The input probe-to-ground capacitance was 
measured by bridge and found to be 4.5 puf. The 
signal current was determined to be 

i = (1.7 x 10-") (dx/dt), 
where dx/dt is mm per second motion of galvano- 
meter spot. 

The zero-signal deflection was found to be 0.0263 
mm/sec. When a molecular beam was directed at 
probe, deflection rate changed to 0.0417 mm/sec. 
Corresponding current was 26.2 x 10—'* amp, cor- 
responding to (2.62 x 10~—'*) times (6.24 x 10'*) = 
163 singly charged particles per second. 

Balancing is time consuming, but electrometer 
will operate for months without rebalancing if fil- 





416 V 





20K 











2x : 
5K 














20K 








aments remain on and plate potential is turned on 
two hours before use. 

Time to take a measurement varies inversely 
with the current. For currents of 10-1" to 10-18 
amp, zero-signal rate was established in 600 sec- 
onds; additional 600 seconds established signal de- 
flection rate. 

B supply: 4.5 volt battery at 12 pa. 

A supply: 1.5 volts at 10 ma. 

Source: Robert L. Ramey and Robert L. Over- 
street, U. of Va., Charlottsville, Va.; also “100 Elec- 
tronic Circuits,” Vol. 2, by Kezer and Aronson, In- 
struments Publishing Co., Pittsburgh 12, Pa. 








COMPACT HIGH VOLTAGE 


POWER 
SUPPLIES 


for 


INFRA-RED 


applications 


@ Selenium Rectifiers @ Shielded Output Cables 
@ Low Ripple @ Hermetically Sealed Can 
@ Reversible Polarity @ Epoxy Filled 

@ INPUT: 115 Volts—60 to 400 Cycles 


















ALL DEL products repre- 
sent the ultimate in qual- 
ity. Their design and man- 





NEW—LOW PRICED 


SCOPE DOLLY 


*% Sturdy steel, gray . 

ed-enamel fin- 

ish, meets military 
specifications 


*& 5” ball-bearing 
rubber tired cas- 
ters 


*% Rubber gasket 
protects scope 


*® 3 power outlets; 
1 input 


% Storage area for 
pre-amplifiers 


*% Storage shelf for 
tools, cord, etc. 





Accommodates any standard scope 
by easy bracket relocations. From 
6” to 12%” wide; from 16%” to 
22%” long. 


Shipped knocked 
down (45 Ibs.), as- 
sembled in minutes. 





Model No. Output . Rimmasten Fs ufacture incorporate only Special miadifeations 
2.5-2-1 |25KV-2MA 13-1/16 x 2-5/8 x 4-1/4 the fimect: materists “ene Sante Sauatite 
5-2-1 |. 5KV-2MA  13-9/16 x 3-1/16 x 3-7/8 workmanship to assure rices 0 uest. 
10-1-1 | 1OKV-1.25MA [3-9/16 x 3-1/16 x 4-7/8 th aie dentadahl 2 eT 

20-1 | 2ORV-LSSMA [4-1/4 << S178 2003/4 cS agyphagrem SR tg 
afte of, . x 5- x 6- . s . * 
25-1-1 25KV-1.25MA 14-3/4 x6 x 7-1/4 eration in industrial and ONLY 
30-1-1 SOK V-1.25MA 15 x 6-1/2 x 7-3/4 research applications. 
For additional information write to Department M. $59 
ORDER FROM: F.0.B., Phila. 
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PRECISION, GUARDED 
WHEATSTONE BRIDGE 





MODEL R-1105 


RANGE 0.! Ohm to I,111 Meg-Ohms 


ACCURACY = 0.025% to | Meg 
+ 0.05% to 100 Megs 
+ 0.5% Above 100 Megs 


GUARDED CIRCUIT Eliminates Leakage in High 
Resistance Measurements and Under Conditions of 
High Humidity. 


RACK MOUNTED, R-1105, 
LABORATORY MODEL, E-1105 
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Automated Layout Machine 
Plots Charts and Templates 


A fully automated Aero/Haag-Streit Coordinato- 
graph Plotter, for precise layout of grid systems and 
coordinate positions from punched tape or cards, is 
said to be applicable in precision layout of templates 
and charts, in aircraft and missile lofting to scribe 
grids directly on metal or other drafting materials, or 
to aid turbine blade design. The product of a two- 
year research and development program by the Aero 
Service Corporation and the Franklin Institute, both 
of Philadelphia, Pa., the automation provides a plot- 
ting accuracy of 0.0015” over a working surface of 
474” x 47144”. The manually operated Haag-Streit 
plotter is already in wide industrial use. 

Maximum operating speed is 3 ips with the slowest 
speed 0.003 ips. Encoder resolution is to 0.001” with 
a zero reference always retained by the instrument’s 
static, directly-coupled system. 





AUTOMATED Coordinatograph Plotter speeds pre- 
cision layouts, can be operated by punched tape 
or cards. 


The automated Coordinatograph includes a visual 
readout and Flexcounter control unit that provides a 
projection-type display of the digital information. 
Television can also be incorporated for viewing and 
control of the plotter. This suggests that the automatic 
control system could be used for remote-controlled 
machining of materials or in areas having radioactiv- 
ity. 

Automated direction of precision layout from digital- 
punched tape data should greatly accelerate military 
and other essential production in periods of national 
emergency as well as to reduce the amount of routine 
but painstaking manual draftsmanship required in 
production of printed circuits or mechanical design 
layouts. An optical line-following device to integrate 
area information and to record X and Y positions of 
irregular shapes will be produced as associated equip- 
ment with the Coordinatograph, according to design 
engineers of the Aero Service Corp., 210 E. Courtland 
St., Philadelphia 20, Pennsylvania. 
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KEMP HIGH-PRESSURE 


DESICCANT DRYERS 


audune ype 


/ Engineering 


Designed to dry air and gases under 
pressure (ranging from 1000 to 6000 
psig) to dew points of -160° F, the 
Kemp High-Pressure Dryer is con- 
structed for simplicity of operation 
and long life. It offers the advantages 
of: convenient location of instruments 
. . . No adjustment required from zero 
to 100% of rated capacity ... contami- 
nation eliminated without purging... 
uniform and complete reactivation by 
electric heaters located for high effi- 
ciency and durability . . . welded steel 
seamless towers hydrostatically tested 
at 50% above design pressure. 


Supplying dry air, helium or other 
gases for pressurizing rocket fuel sys- 
tems, conveying rocket fuel, operating 
servo-mechanisms, wind tunnels and 
instruments, the Kemp High-Pressure 
Dryer has proved itself at many launch- 
ing stations as well as research and in- 
dustrial plants. This unit’s reliability of 
performance under all circumstances 
reflects Kemp’s solid background in 
these specialized applications. 

For full details on Kemp High- 
Pressure Desiccant Dryers or any other 
Kemp Dryers, contact your Kemp Rep- 
resentative listed in the Yellow Pages 
or write for Bulletins D-108, D-109. 


It always pays 
to come to 


KEMP 





OF BALTIMORE 





2 way | 


THE C. M. KEMP MANUFACTURING COMPANY 
405 E. Oliver Street 
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Thermoelectric Devices Now 
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Insulators Semiconductors 


FIG. 1. THERMOELECTRIC capabilities of dif- 
ferent classes of materials are illustrated by two 
graphs from which (relative conversion efficiency Z 
can be interpreted. The numerator of the expres- 
sion Z = a2a/k is given by the upper curve, labeled 
a’o. This must be divided by corresponding values 
for thermal conductivity, k, which generally in- 
creases from left to right, and is shown by the 
lower curve. 
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27 Hot JunctionTempC® 100 
FIG. 2. MAXIMUM COOLING vs hot ore 


temperature relationship shows higher cooling ef- 
ficiencies at elevated hot-junction temperature 
which is typical of all Melcor Module units. 


@ _miconpuctor research in the last decade 
has at long last made practicable thermoelectric 
devices based on the Seebeck and Peltier effects 
discovered in the early 1800's. Although the Seebeck 
effect historically has had considerable application 
in thermocouples as a temperature measuring de- 
vice, as long as energy conversion depended on the 
Seebeck effect between dissimilar metals, con- 
version efficiencies were too low to allow economic 
production of heat and cold by flow of current 
through a junction, or economical generation of 
electric power by direct application of heat to 
thermoelectric junctions. 

Major recent advances in the development of 
semiconductors have created materials with high 
Seebeck coefficients, relatively low electrical re- 
sistivity for good conduction of electricity, and 
good thermal insulating properties. In contrast, 
although metals have good electrical conductivity, 
their thermal conductivities are also high, and 
much energy loss can be charged to the thermal 
“leakage” between the hot and cold junctions. 

A wide variety of materials have been investi- 
gated for thermoelectric power applications. The 
types of system investigated have been tellurides, 
selenides, oxides, nitrides, carbides, arsenides and 
silicides of metals including the transition elements. 
Of all the materials investigated bismuth telluride 
and lead telluride type systems have given the 
highest efficiencies. Due to an emphasis on high 
temperature of operation in association with reactor 
heat sources (approx. 700°C) lead telluride is 
more widely used at the present time. Bismuth 
telluride type alloys, although operating tempera- 
tures are limited to 300-400°C, give efficiencies 
equal to or greater than lead telluride. 

The debt that thermoelectrics owe to semicon- 
ductor technology is now being repaid by the im- 
petus which small-volume cooling systems are giv- 
ing to parametric amplifiers, masers, and infrared 
detectors; all semiconductor applications of military 
importance which perform best at low tempera- 
tures. The simplicity, light weight and reliability 
of thermoelectric cooling is another advantage in 
military systems, as is the case with which a cool- 
ing system can be converted into a heating system 
by a simple reversal of the current direction. Manned 
space craft, in which moderate temperatures must 
be maintained in ambients alternating between ex- 
treme heat and cold, may use these devices. 

Another military application which is ripe for 
immediate use is the airconditioning of nuclear 


Competitive 


submarines, which range from tropical to arctic 
waters and in which quiet operation, economy of 
space and reliability is essential. Other military uses 
of thermoelectric power generators are suggested 
by the complete quiet with which they operate, 
and by the ease with which they can be teamed 
with solid-state converters to change a comparative- 
ly low-voltage, high current dc output into any 
voltage or frequency which may be demanded by 
the application. 


Thermoelectric Figure-of-Merit 


The figure of merit of a thermoelectric device is 
expressed by the formula: 


= s?/ pk (1) 
or Z = s*o/k (2) 
where Z is figure of merit in units per °C, s is the 
Seebeck coefficient (MV/°C), p equals electrical 
resistivity (ohm-cm), and k is thermal conductivity 
(watts/em/°C). In the second form of the equa- 
tion a (electrical conductivity ) is substituted for 1/p. 
The relative efficiencies which can be expected 
of insulators, semiconductors and metals is shown 
in Fig. 1. Although insulators have high Seebeck co- 
efficients, their low electrical conductivities make 
the figure of merit low at normal temperatures. 
Metals similarly suffer from a low Seebeck co- 
efficient and low thermal conductivity. The class 
of semiconductors, however, promise, through an 
optimum balancing of all factors, effective figures 
of merit. 

The ideal material for most thermoelectrics ap- 
plications should operate efficiently for cooling, as 
well as for the generation of power. To date, bis- 
muth telluride and its alloys are the best materials 
that have been developed for cooling applications. 
Figures of merit of 3- to 4 x 10-? have been 
realized. This compares with a figure of merit of 
1.5 x 10-3 for lead telluride and of 1 x 10-* for 
most other systems. In a cooling system, a figure of 
merit of 3 x 10-8 will cool 75°C below an ambient 
temperature of 27°C (300°K). 


Measurement of Thermoelectric 
Characteristics 


For power applications in which generation of 
power from a temperature differential is main- 
tained by the application of energy on one end of 
the thermopile while the other end is applied to a 
heat sink, the familiar equation, Eff = Pout/Pin is 
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applied. In a number of applications, however, the Thousands of 


simplicity of thermoelectric generators may make 
practical the reclamation of power for battery 
charging from the heat of exhaust engine gases, 


now wasted; thus saving much of the considerable Sli i p Ri n g Asse mM blies for Rotati Mg 


engine horsepower now used in driving automobile 
generators. 


In cooling applications several parameters are 
important, but the basic one is the figure of merit. Radar Anten na Systems 


The higher the figure of merit, the greater the 


temperature difference below an ambient tempera- | That's the Breeze Corporations’ experience record in de- off-the-shelf components for rapid delivery at reduced costs. 
ture that can be attained with a single stage cooler. signing and producing slip ring assemblies for radar appli- Breeze also produces flat, concentric and cylindrical 
In applications where lower temperatures are | cations ranging from small shipboard and airborne antenna custom slip ring assemblies for radar application require- 
needed, multistage coolers can attain lower tem- | mounts to five-story-high giants used in ground early warn- ments which include general purpose control and power, 
peratures by the inner stage exhausting into a heat | ing systems. With this experience record behind it, the radio frequency and video, high voltage and switching. 
sink which is pumped out by a second thermo- | Breeze organization is well-staffed and equipped to design Depending upon the application, Breeze custom assemblies 
electric pile, and so on. At lower ambients, how- and produce a slip ring assembly for any radar application. are made by any of the basic methods of production: fab- 
ever the efficiency of the cooling effect falls off Because many of these applications require assemblies ricated, electroplated and plastic molded. 

so that not more than three stages are considered having similar size and operating characteristics, Breeze- You'll want a copy of the new 28-page Catalog 66SR 
practical. The effect of lower and high ambient | offers. a line of standard assemblies with ring envelope which describes and provides operating data on a wide 
temperatures on the efficiency of a Melcor BiTe | giameters from 1” through 1012”. These are flat, stacked range of Breeze custom units and drawings and specifica- 
alloy is shown in Fig. 2. Higher hot-junction tem- | assemblies of fabricated construction and are built from tions of all standard slip ring assemblies. 
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FIG. 3. FIGURE OF MERIT has all-important effect Hilt 


LTE LLL 
on feasibility of thermoelectric cooling. Average | Uj MI Me: 
value of 3.5 for Z enables competition with com- _ | ‘one 
pressor-type cooling in household-size refrigerators, . 
is superior in small-size, military applications such 
as IR detectors, parametric amplifiers and masers. 


Figure ot merit (x 105) 





peratures result in more cooling from a typical 
Melcor module than at lower hot-junction levels. 

The effect of figure of merit on cooling dif- 
ferentials is illustrated by Fig. 3, in which figures 
of merit from 2.3 to 3.5 represent the range of 
semiconductor thermoelectrical materials available 
today. Melcor’s Bi Te alloys, which provide a fig- 
ure of 3 x 10-8 for N materials and a figure of 
4 x 10-* for P materials, are in the upper region 


of this range. In these measurements, all are made BREEZE CORPORATIONS, INC. 
in a vacuum so that no convection losses are pres- omen 700 Liberty Avenue, Union, New Jersey » Telephone: MUrdock 6-4000 
ent. emenrncneen 

Variations in the heat-pumping capacity of any 
particular module when different amounts of cur- 











Manufacturers of electrical, electro-mechanical and hydro-mechanical 
components and systems and fabricated metal products, 
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Elapsed Time Indicator gives 
visual check of power interrup- 
tions. Tied in with missile power 
supply from final assembly to 
launching. Records length of 


individual interruptions and 
total time off. 





rent are applied is another important factor in the 
design of thermoelectric cooling devices. The cool- 
ing capacity of Melcor modules in the MC 7 series 
is shown in Fig. 4, which shows that for any given 
current input, the pumping capacity in watts per 
couple is inversely proportional to the temperature 
differential. 


Thermoelectric Material Costs 


The cost of thermoelectric materials to date has 
been expensive as is usually the case in the experi- 
mental and developmental stages of a novel princi- 
ple. Sample orders come high, with a single thermo- 
electric couple with both N and P type materials 
selling for approximately $1 a gram or $500-lb. The 
basic material has been sold by some companies 
at approximately $1500/Ib! 

In comparison with such prices, producers of 
commercial refrigeration units who place produc- 
tion orders with Melcor can now buy thermoelec- 
trics in finished fabricated form for as little as $75/ 
Ib. Since only one-half pound or less would be 
needed in a small-volume (3-4 cu-ft) refrigerator, 
thermoelectrics are obviously as economical as, and 
are now in direct competition with, motor-compres- 
sor refrigeration units. 
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Schering Bridges are used 
to measure power factor and capaci- 
tance of electrical insulating materials 
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Products Corporation, (MELCOR), Trenton, N. J., physical dimensions of the sample 




























































80 and test electrodes, dielectric constant, 
loss factor and other values may be (t 
max. heat calculated. Units are self-contained 
104 pumping Capacity and easy to operate and service. Avail- 
MM 3 series 0.3 able as a General Purpose Bridge and 
2 60- MM 4 series 05 also as a Cable Test Bridge. 
, See MM S series 1.0 waty, | 
+ . ; 3° oe ae 
= 40 e.% eos cortege oe 
Atcotran Differential Trans- - : MS my e Bridge f a Gaomes 
formers are electromechanical 2 a. % “Ss to 2.0 mfd. nn ee 
transducers for measurin © fe) 2 ve oP pee raed FLAT 
linear motions. Three ATC vn 2 yy, 7 it-in shunts for poyttly Fenway erie 
£ 2od\ ~ maximum ‘a es without ional p 
spec approved types, 6210-K s Ss heat pumping mao ages ee 
(left) 6207-K (center) and Wy Capacity Con 
6203-K (right) give unprece- 10 + 5 rings | 
dented reliability as displace- * i oe on a {1 
ment pick-offs for altimeters, . > 4 * semb]} 
pressure cells, servo feed-back 0 0.5 ; 1.0 ; 5 20 DISSIPATION — External checking standard cally y 
signals, etc. Heat Pumping Capacity (Watts per Couple) FACTOR and in Schering Bridge opera- Slip 
CAPACITANCE tion. Usable up to 1OKV. ’ 
Send for your free Condensed FIG. 4. HEAT PUMPING capacity of Melcor MC STANDARD Consists of vacuum air ca- cuits | 
Sates" Serepaen Components 7 when different amounts of currertt are applied. ' we guard ring oe evden 2 
and Control Gysteme"—teday! Effect of different hot-temperature junctions is . capacitance - amper 
100 ypf; 3 metal film re | 
also shown. sistors of nominal values of | CYCies. 
ATC can supply all kinds of dif- past a = ape — ing an 
ferential transformers, timers, by five scientists all formerly of the RCA David siagevechig cys Pipette functic 
pick-offs and other related mil- Sarnoff Research Center, Princeton, N. J. is at the capacitor. Capacitor can Slip 
spec components — designed same time evidence of, and a factor in the grow- also be used without series or cab! 
and engineered to the most ing potentialty of thermoelectrics. Organized in resistance. is sim 
stringent specifications. Exten- October 1959, in six months Melcor has developed Write for complete Contac 
sive research and development ae a thermoelectric material with a figure of merit technical details... sistanc 
a a pate bepite AUTOMATIC TIMING between 3 and 4 x 10~° selling at a cost that makes noise i 
circuit simplicity to meet ever & CONTROLS, INC. 7” Fen tp es es: ener ian oo have Industrial prs " 
more exacting air and ground KING OF PRUSSIA, PENNSYLVANIA I ; a f fi onl sk dikinntie pita: le ered Instruments | Instruments inc aa 
requirements. A Subsidiary of American Manufacturing Company, Inc. Pp a oo Sone . ee Hee aS ee ee ex County. 
ATC, Div. of Interprovineial Safety Industries, Ltd., 5485 Notre Dame St., West, Montreal 30, Quebec in sample and production quantities. 7 
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Three Types of Slip Ring 


Assemblies 


A typical flat ring assembly (Fig. 1) consists of 
slip rings (A), flat discs made from silver alloys. 
Rings are mounted in pairs, above and below insulat- 
ing barriers (B) which are, in turn, separated by in- 
sulating spacers (C). These components are bolted to 
a mounting flange (D). Lead wires (E) are attached 
to the slip rings. 

Making contact with each ring is a brush (F) made 
of silver graphite which, in combination with the 
silver alloy ring, provides the desired electrical con- 
ductivity, low contact resistance and low wear rate. 
Brushes are welded to beryllium copper springs (G) 
assembled with insulating spacers (H) and terminals 
(1) and bolted together between mounting brackets 
(J). 

Cylindrical assembly: In this type of assembly the 
rings run vertically around a shaft and the brush con- 
tact is made on the vertical rather than the horizontal 
plane. 
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FLAT RING type Slip Ring Assembly. Lettered 


parts are named in text. 


Concentric Assembly. This assembly consists of 
rings having various diameters mounted concentrically 
on a flat insulating support plate. The concentric as- 
sembly can be made in multiples and stacked verti- 
cally with space between the sections for the brushes. 

Slip ring assemblies can handle many type of cir- 
cuits ranging from microvolts to over 30 kilovolts, 
currents from microamps to amperages above 1000 
amperes and frequencies from c.c. to 1000 mega- 
cycles. The rings can be segmented to permit switch- 
ing and thus perform programming and telemetering 
functions. 

Slip ring circuits are comparable to continuous wires 
or cables in several respects. Crosstalk between circuits 
is similar to that experienced with shielded cable. 
Contact and bush resistance is lower than the re- 
sistance of wire leads and under operating conditions 
noise is a function of current and generally is negligi- 
ble. (From 24-page catalog 66SR “Standard and Cus- 
tom Slip Ring Assembles”, Breeze Corporation, Inc., 
700 Liberty Ave., Union, N. J.) 
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Tachometers 
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FROM KEARFOTT 


20 SECOND 
SYNCHRO 


This synchro, just one of a 
broad line offered by 
Kearfott, provides the 
extreme accuracy required 
in today’s data trans- 
mission systems. Kearfott 
synchro resolvers enable 
system designers to achieve 
unusual accuracy without 
the need for 2-speed servos 
and elaborate electronics. 
By proper impedance, 
matches up to 64 resolver 
control transformers can 
also operate from one 
resolver transmitter. 


TYPICAL 
CHARACTERISTICS 


Control 


(Max.) 115 90 


Frequency (cps) 400 400 
Primary imped. 400/80° 8500/80° 
Secondary Imped. 260/80° 14000/80° 
Transform. Ratio -7826 1.278 
Max. Error fr. E.Z. 20 seconds 20 seconds 
Primary Rotor Stator 


Write for complete data. 








Transmitter Transformer 
Part Number Z5161-001 25151-003 
Excit. Volts 
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FROM KEARFOTT 


PRECISE 
ANGLE 
INDICATOR 


Consisting of an angle po- 
sition indicator, motor and 
servo amplifier, this small, 
versatile, rack panel mount- 
ed unit provides angular 
position indications for 
laboratory, production and 
field use. Input signals pro- 
portional to unknown ang- 
ular position of synchro de- 
vice being measured are re- 
solved as an error voltage, 
which is amplified and used 


_to drive an internal servo 


loop to null. Counter mech- 
anism then provides direct 
visual readout of angular 
position. 


TYPICAL 
CHARACTERISTICS 


Input Signal: $,, S2, and S$; of 
external synchro transmitter. 
Repeatability: Within 0.6 minute 
in either a clockwise or coun- 
terclockwise direction for any 

angular position. 

Readability: 0.5 minute through 
full range from zero to 360° 
Rotation is continuous. 

Accuracy: + 6 minutes in the 
standard unit. Other accuracies 
available on request. 

Sensitivity: 0.5 minutes maximum. 


Slewing Speed: Phase sensitive, 
180° in 7 seconds. 


Input Voltages: 115 volts, single 
phase, 400 cycles, 23 VA max. 


Size: Standard Rack Mounting— 
1%” x 942” x 842” 


Write for complete data. 





Ferrites 


Engineers: Kearfott offers challenging opportunities in advanced component and system development. 
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FLOATED RATE 
INTEGRATING 
GYROS 


Specifically designed for 
missile applications, these 
Kearfott miniature gyros 
operate efficiently at 
unlimited altitudes. Their 
outstanding accuracy and 
performance make them su- 
perior to any comparably- 
sized units on the market. 
Hermetically sealed within 
a thermal jacket, these gy- 
ros are ruggedly designed 
and completely adaptable 
to production methods. Per- 
formance characteristics 
that are even more precise 
can be provided within the 
same dimensions. 
TYPICAL CHARACTERISTICS 
Mass Unbalance: 
Along Input Axis: 1.0°/ hr 
maximum untrimmed 
Standard Deviation (short term): 
Azimuth Position: 0.05°/hr 
Vertical Position: 0.03° /hr 
Drift Rate Due to Anisoelasticity 
Steady Acceleration: 
.015°/hr./g?_ maximum 
Vibratory Acceleration: 
— 008°/hr./g? maximum 
Damping: 
Ratio of input angle to 
output angle is 0.2 
Characteristic Time: 
.0035 seconds or less 
Weight: 0.7 Ibs. 
Warm-Up Time: 
10 minutes from —60°F 
Life: 1000 hours minimum 


Write for complete data. 
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GYRO WHEEL 





FIG. |. RATE GYRO 
responds to rotation 
about input axis by 
precessing about out- 
put axis, resulting in 
torque which is pro- 
portional to rate of 
angular acceleration. 


A New Subminiature Rate Gyro 


Today’s gyroscope, as a basic sensor of angular 
position, has been improved to such an extent that it 
can furnish fast and accurate information far beyond 
human capabilities. Gyroscopes, including rate gyros 
which detect angular rates by measuring the torque 
produced, have evolved from the once brute force de- 
vice to the precise position control subsystems now 
used in missiles and high-performance aircraft. 


The Fairchild RG-100 Rate Gyro continues this 
trend in the subminiature gyro field by improving 
in some areas, and maintaining in other areas, the 
high degree of precision now expected of gyros. The 
RG-100 has additional features, such as external ad- 
justing ports which enable precise gimbal balance 
after assembly, a controlled damping mechanism which 
affords uniform controlled damping over a wide tem- 
perature range without heaters, and pivots with 
jewelled bearings supporting the gimbal at both ends 
to relieve the torsion bar of supporting strains. Due 
principally to the use of these pivots, the RG-100 is 
capable of withstanding 100 G shocks and 15 G to 
2000 cps minimum vibration on any axis at rates 
even lower than 20°/sec. (Fig. 1). 


Rate gyros consist of three basic elements: 1) A 
spinning gyro wheel contained ip a gimbal which sup- 
plies the necessary angular momentum. The gimbal 
has a single degree of freedom. 2) A spring (tor- 
sion bar) which restrains the gyro gimbal thus allow- 
ing a measurement of rates of turn. 3) A pickoff which 
produces a signal in volts proportional to the angular 
rate of turn. 


The motor driven gyro wheel supported in the gim- 
bal fork, when excited with 400 cps, revolves at 24,000 
rpm thus supplying the necessary angular momentum 
and establishing an inertial position. An input angular 
rate exerted along the input axis will set up a torque 
in the torsion bar which is restraining the gimbal 


fork. This torque will tend to rotate the pick-off rotor 
and emit a signal in volts which is proportional to the 
torque and calibrated to input rates. 

The unique supporting structure of the RG-100 
(Fig. 2) is provided by the pivots and jewel bearings 
at both ends of the gimbal in line with the torsion 
bar. The bearings support the gimbal assembly through 
the spider network, relieving the torsion bar of any 
duty other than its action as an axial restraining 
spring. 

Another outstanding feature of the RG-100 is the 
damping mechanism (Fig. 3) utilizing the silicon 
fluid damping medium as a temperature sensing de- 
vice. As the temperature rises, the fluid becomes both 
less viscous and increases in volume. The increase in 
volume compresses the sealed actuating bellows caus- 
ing the shear damping area between the damping sleeve 
and gimbal to be increased. This process is reversed 
as the temperature decreases. The damping area is 
varied by means of the step construction between the 
gimbal and damping sleeve so as to insure a linear 
or uniform controlled damping throughout the wide 
temperature range from —40°F to 200°F (Fig. 4). 

Other specifications of the RG-100 gyro, 15/16” 
diameter by 2” long, are: Maximum input rates from 
+20°/sec to +800°/sec; input power approx 3 
watts @6.3v or 26v, 400 cps; output signal delivers 
a signal of 6v at 400 cps which is phase sensitive; 
linearity is 0.1% of full scale to half scale, 3.5% of 
full scale to full scale; hysteresis is only 0.15% of 
full scale and gimbal balance in standard models is 
as low as 0.1% of full scale per G. Balance can be as 
low as 0.02% of full scale per G on special order. 
(From new 16-page technical bulletin Model RG-100 
Subminiature Floated Rate Gyro, Fairchild Controls 
Corporation Components Div., 225 Park Ave., Hicks- 


ville, L. I., N. Y.) 
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FIG. 2. JEWELLED BEARINGS and spider remove 
support tensions from torsion bar, which acts as 
restraining spring on precessing torque. 
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~ DAMPING SLEEVE 


FIG. 3. DAMPING MECHANISM decreases damp- 
ing clearance when fluid becomes less viscous, in- 
creases clearance as fluid becomes more viscous. 
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FIG. 4. TYPICAL DAMPING curve for Fairchild 
RG-100 Rate Gyro. 
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Computer to Automate 
Air Control 


A contract for a new computer, designed specifically 
for air traffic control of civil and military air traffic 
under the Federal Aviation Agency control facilities, 
has been awarded to the GPL Division of General 
Precision, Inc., Pleasantville, N. Y. Designed to ex- 
pedite coordination between controllers now operat- 








AP ING ing among the nation’s 33 air traffic control centers, 
computations from data entered manually or auto- 
matically will be processed and information presented 
to appropriate controllers through an array of display 
consoles. In the event of anticipated conflicts, where 
two aircraft are on courses that would bring them 
ARE YOu a ge adiaee eae ige — ss vs os fe 
will be alerted as much as 30 minutes in advance (See 
MEASURING... | Fisue), 
* Actual life span of _ ERED ME 
0 your equipment? Pa You can produce and reliably repeat 
® Consu i i today’s widest range of shock wave- 
life of critical equip- : jooth, square and combinations | GIVE YOU 
> , tooth, square and combinations— 
: m : 
+f ent or components? with CVC HYGE. 
iat 


® Mean-time-to failure? 


You can reduce the odds against failure 
by constant monitoring and timel replace- 


You'll find a HYGE model to 
meet your requirements for labora- 
tory or production line use. With 


BETTER THAN 


W/4* ACCURACY 


ment of equipment approaching the end of fi HYGE, you'll have a compact source 
assured performance ... by thoughtful G of stored energy at your fingertips 
application of the . . . ‘a Saath for producing shock waveforms to ... DESIGNED-IN, 
WAL.TH A Wo 2) o meet most test specifications—and CONSTANT, GUARANTEED 
Q i test. A 
SUB-MINIATURE 4 at a cost of only pennies per test. As 


ELAPSED TIME INDICATOR 








Ths’ O.D.x 1'5Ac” 3 OZ. 


10,000 Hour Total Readout 
(Easily Read to Closest Hour) 
400 CPS 


Whether it’s for reliability and life testing, 
design or system analysis, utilization studies 
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new. requirements develop, HYGE 
lets you adapt to them by adding a 


Greibach-patented Bifilar no-friction 
movement and weightless light beam 


A ; S pointer use no pivots, no jewels, no hair- 
oT a oa. simple metering pin. springs, no amplifiers. Greibach meters 
A242 Rs start with near-perfect accuracy. Ac- 

e Ea ME BS a curacy is unaffected even by over- 
c179 ey Sr ee ge Large laboratory model. loads of 100,000% (to 125,000,000%, in 








CONFLICT DISPLAY, one of the new tools pro- 
vided air space controllers by the new system, is 
illustrated in system display. After warning lights 
signal a conflict, controller presses button which 
directs computer to provide data, showing conflict 
at AVP between flights A242 and C179. 


Because the new system is designed to augment 
present control methods which use chiefly manual 
methods of computation, the progress through semi- 
automatic to almost fully automatic operation is ex- 
pected to be smooth, and to allow resumption of man- 
ual control during emergencies should breakdown of 
any part of the automatic system occur. Scheduled to 





Thrust capacity to 40,000 
lbs.; acceleration, 2000G. 


Small laboratory model. 
Thrust capacity to 10.000 
lbs.; acceleration, 500G. 


Thrust to 15,000 Ibs.; ac- 
celeration, 100G. Pro- 
vides most widely speci- 
fied shock pulses: MIL- 
E-5272A (11 +1 ms half- 
sine) and Ramo-Wool- 
_ ridge (6 +0.5 ms Saw- 
_ tooth). 5 tests in 5 min- 
_ utes at less than 5¢ per 
> test. 


some cases). Rugged, shock-proof de- 
sign cradles the coil; withstands up to 
500 G's. There's nothing to wear, vary or 
age with use, so accuracy remains high 
over long periods. Most meters leave our 
plant with measured accuracy of better 
than 1/10%. 


OTHER EXCLUSIVE GREIBACH 
PRECISION METER FEATURES: 


@ Sensitivity to 0.2 uamp. full 
scale 

@ Resistance to 1/300th of con- 
ventional meters 

@ Energy drain as low as 4 x 10™ 
watt 

@ No parallax errors from any 
reading angle 

@ Multpile Ranges—up to 23 in 
one meter. 


. - Or to continuously monitor and log The secret of Super-Precision Per- 


formance is in this cartridge, con- 
taining unique Bifilar Suspension. 
j For full details 
: on the nds 
of rang e-combi- 
nations available, 


; be in experimental operation at the FAA National Avi- 
critical rman or canna ... When ation Facilities Experimental Center at Atlantic City, 
you incorporate the Waltham WT-1 in your it i imi i ‘. 
plans, you add that “measure of reliability” N. J., se ~ ee ted that similar data ORE te | sig 
so important for military acceptance. tems will be installed eventually on a nationwide basis. 

The WT-1 meets MIL-E-5272A (From 10-page bulletin, “Breaking the Air Traffic 


WRITE for HYGE 
Bulletins. Or, out- 
line your require- 
ments and ask for 





and is available “FROM STOCK” Jam,” General Precision Equipment Corp., 92 Gold a specific recom- iat sSase tor 
Write Now for Bulletin 5001! St., New York 38, N. Y.) mendation. cae pe ry 20-pege 
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For more information on products reported or 
advertised in this issue, use postage-free card 
found in this issue. 
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LGP-30 |COMPUTER ABSTRACTS 


(Application Report #10, from which the following is abstracted, is free upon re- 
quest from Royal McBee Corporation, Data Processing Division, Port Chester, N. Y. ) 


Subject: Design / User: Brown Fintube Company, Elyria, Ohio 


Tue Prosiem: rush quotation for heat exchanger 
to potential customer. Determine best heat ex- 
changer vs. cost combination. Perform necessary 
computations to obtain values for total surface 
area; total number of exchangers; area/exchanger; 
velocity and pressure drop—shell and tube; film 
coefficient; log mean temperature difference; over- 
all transfer rate; clean rate; overall fouled rate; 
surface actually required; duty; price. 


MeErnop: the compact, low-cost Royal Precision 
LGP-30 Electronic Computer. 


Input Dara: except for special specifications 
which are handled by design engineers, non-techni- 
cal personnel fill in data directly from customer 
inquiry sheets. This information is then punched 

saheeerianenaieinememtinns on tape. 

SoLuTIoNn: the en- 
gineer reads the 
above data into stor- 
® age in specifically 
assigned memory lo- 
cations on the computer’s magnetic drum. The set 
of program instructions—also stored on the drum— 
then directs the computer where to find the input 
data and what mathematical operations to perform 
in the proper sequential order. The program then 
further directs the computer to store the various 
answers in specifically assigned memory locations. 





Of notable interest is the incorporated test fea- 
ture which allows any type and arrangement of sec- 
tions to be tested by the computer. The program 
not only compares calculated values, but provides 
a corrective computation and recomputes all con- 
ditions until satisfactory values are obtained. The 


engineer need only type in the exact arrangement 
desired to have the computer calculate his proposed 
arrangement — assuring complete versatility and 
control over the program. 


Output: all numbers required for the final speci- 
fication sheet, including price, are provided —as 
well as key inter- ) Sea : 
mediate answers 
to enable the en- | 
gineer to exer-| 
cise judgment. | 
The computer 
automatically | 
controls the type- 
writer so that waa 4 
all answers are printed out in the desired format. 





ConcLusIons: with the LGP-30, Brown Fintube 
has reduced total time on typical heat exchanger 
designs from one or two hours to approximately 3 
minutes. Better design vs. cost combinations have 
been obtained—with a resulting increase in con- 
tract awards and the elimination of under-bidding. 
According to company officials, “perhaps the most 
significant contribution of the LGP-30 has been 
the release of engineering manpower for more basic 
and profound studies.” 


eS} Royal Precision Corporation 


Royal Precision is jointly owned by the Royal McBee and 
General Precision Equipment Corporations. LGP-30 sales 


‘ and service are available coast-to-coast, in Canada and 


abroad through Royal McBee Data Processing offices. For 
your free copy of Application Report #10, as well as full 
specifications on the compact, mobile LGP-30, write today to 
ROYAL MCBEE CORPORATION, data processing division, Port Chester,N.Y 
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FIG. |. TUNED and trimmed resolver stage elimi- 
nates complex impedance loading, effects, mini- 
mizes losses and phase shift. 


Resolver Chain 


yzctnicat RESOLVERS, used as analog 
computing elements, can be applied in cas- 
cade by using one of the two techniques. One 
method, frequently used, requires buffer amplifiers 
to standardize resolver output and phase shift, and 
necessitates an additional winding in the resolver 


to provide the feedback voltage required by the 
buffer amplifier. 


A second system, which requires no amplifiers, is 
the subject of this discussion. The system benefits 
from the higher innate reliability that fewer com- 
ponents provide, uses only high-quality standard 
resolvers, requiring no special feedback winding. 
The design approach is to build the resolvers with 
near-unity transformation ratios, low phase shift, 
and high Q. Close manufacturing tolerances should 
be maintained to ensure that each resolver is nearly 
identical to all others. Starting from this basic unit 
the amplifier-less resolver computing chain may be 
developed. 


When a number of standard resolvers are con- 
nected in cascade, there will be considerable loss 
in signal to noise ratio and a large buildup of phase 
shift as the input voltage is operated on by each 
resolver in the chain. The transformation ratio of 
the individual resolvers is not the same due to load- 
ing effects. That is, each resolver presents a fairly 
low impedance load to the previous resolver and, 
in turn, is similarly loaded by the next unit in the 
signal path. This means that each successive re- 
solver will exhibit a lower transformation ratio than 
the one before it. In addition, the phase shift of 
each resolver will be increased by the complex im- 
pedance loading effects. Total phase shift will be 
the sum of all shifts in the signal path. This obvi- 


ously is not a desirable system for any use. 


An efficient computing chain may be obtained by 
tuning and trimming each resolver so that the in- 
put and output impedances appear purely resistive. 
Phase ‘shift of the unit has been eliminated. By 
tuning and trimming the resultant transformation 
ratio is slightly less than that of the untrimmed re- 
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FIG. 2. TYPICAL resolver computing chain com- 
posed of resolvers with iterative tuning. 
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Without Amplifiers 


solver but, as will be shown, this does not detract 
from the merit of this approach (Fig. 1). 

Having identical input and output impedances 
and making all resolvers in the chain identical to 
each other, the system, known as iterative tuning, 
provides complete interchangeability of parts and 
vastly improves the performance over that of the 
untuned system. 

Consider, now, the loss of signal through a com- 
puting path. Without tuning, the losses are prohibi- 
tive. For the tuned chain the transformation ratio 
of each unit is not affected by the preceding or 
succeeding units. The resultant transformation ratio 
of a signal path is the transformation ratio of one 
resolver raised to a power equal to the number of 
resolvers in the path. This will always be greater 
than the output obtainable with untuned resolvers. 
Since the phase shift of each resolver is zero, then 
the total phase shift of the chain is also zero. 

Optimum resolver performance requires that 
both outputs be equally loaded. At times the com- 
puter design, by itself, cannot provide balanced 
loads. This may come about if only one output is 
required from a resolver or one output feeds an 
amplifier while the other feeds into the next re- 
solver. In such cases a compensator is normally a 
single stator, single rotor device, tuned and 
trimmed to simulate one phase of one of the true 
resolvers in the chain. The rotor is locked at the 
maximum coupling position. 

For those instances in computing chain design 


where it is necessary to add two signals a two-phase 


resolver-compensator may be used. The summing 
compensator is a normal two-phase resolver tuned 
and trimmed to be identical to the other units. 
However, this unit will have the rotor locked at 
the maximum coupling position and the two rotor 
windings connected in series adding. The summing 
compensator acts like a differential transformer 
so that the rotor output voltage is the algebraic 
sum of the two stator input voltages modified by 
the unit transformation ratio. 
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From CHASSIS-TRAK 
NEW FEATHER-LIGHT DETENT SLIDE! 


Model C-300 Detent locks in three service positions — 
90° up, horizontal, 90° down 


Chassis-Trak continues to set the pace 
in slide design with the new Model C- 
300 Detent. Never before has a tilt-lock 
slide come in such a small package, yet 
despite its space-saving size — 1%” 
high, %” wide — the Model C-300 
Detent will support chassis loads up to 
50 lbs. Not the least of the new slide’s 
attractive features is its low price — 
lowest of any detent slide on the 
market. 

Made of hard, cold-rolled steel, each 
slide is cadmium plated and then coated 
with Poxylube 75, a bonded film for- 
mulation of molybdenum disulfide, 
which provides permanent dry lubrica- 
tion. Solid bearings on all surfaces 
afford high resistance to shock and 
vibration. 


For further information contact: 


Model C-300 Detent Slides are avail- 
able in seven lengths — 12 to 24 in. — 
and are designed for mounting elec- 
tronic equipment in any standard rack 
or cabinet. Like all Chassis-Trak Slides, 
they are easy to install and smooth and 
trouble-free in operation. 


Model C-300 Detent slide shown 
locked in horizontal position. 





525 South Webster, Indianapolis 19, Indiana 
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ste Gives Graphic Picture of Your Opera- 
tions—Spotlighted by Color 

vy Facts at a glance — Saves Time, Saves 
Money, Prevents Errors 

vx Simple to operate — Type or Write on 


Cards, Snap in Grooves 

ve Ideal for Production, Traffic, Inventory, 
Scheduling, Sales, Etc. 

tx Made of Metal. Compact and Attractive. 


Over 500,000 in Use 
Complete price $4950 including cards 
| FREE| "cc BOOKLET No. MT-10 
Without Obligation 
Write for Your Copy Today 


GRAPHIC SYSTEMS 
Yanceyville, North Carolina 
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Only SPRING SHOKS 


USING LIQUID COMPRESSIBILITY 
can produce this Oscillograph... 













Test Diagram 
Courtesy Chance Vought 


Draw your Pat. Nos, 
own graph iad pontine 


U.S, and Foreign 


- and we will 
provide a 
TAYLORED 
SPRING SHOK 
for YOUR NEEDS 


Write for FREE 
NEW HANDBOOK 


Taylo « Devices 


INCORPORATED 


lists in compressible material devices 
218 MAIN ST., NORTH TONAWANDA, N. Y. 
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Microcircuit Reliability 
is Design Goal 


Emphasis is placed on reliability as the prime single 
factor in the development of microcircuit techniques 
by the research division of the International Resistance 
Co., Philadelphia, Pa. Dr. John J. Bohrer, Director of 
Research, has stated, “It is obvious that a great deal 
of reliability data must be collected in advance of 
military acceptance, and the techniques of micro- 
circuitry and molecular electronics should lead to 
more reliable functioning than is available with most 
existing circuitry and components.” 
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FIG. 1. MU-CIRCUIT FLOW CHART shows se- 
sack of operations presently used in fabrication 
of the new microcircuits. 













































































Production of a new thin film “Mu Circuit” is being 
coordinated with exhaustive testing and evaluation 
both of its performance in normal use, and in its 
ability to withstand environmental conditions. The 
“Mu-Circuit” is a product of the operations shown 
sequentially in the flow chart of Fig. 1. In this 
process, the passive elements are deposited by vac- 
uum deposition techniques upon a thin glass or ce- 
ramic substrate which has been drilled to receive such 
separate active components as are necessary. Eventu- 
ally, the fabrication of active elements is expected to 
be incorporated into the deposition sequence. 

Design of the Mu-circuit rests on a series of de- 
velopmental tests in which the area, geometry and 
resistivities are optimally related to resistor comforma- 
tion, and similar factors of deposited circuit design 
for other components, are determined. Next, sub- 
strates are prepared. and evaporation masks fabricated. 
The conductive pattern, bottom capacitor electrode 
and terminations are then vacuum-deposited on the 
substrate surface through the appropriate mask. Again 
using an appropriate mask, the resistors are applied 
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Recent advances in equipment and techniques with measurements of 
1 PPM resolution enable us to supply resistance networks of unusual accu- 


racies and characteristics as required for computers, summing networks, 
voltage dividers, etc. 





We are currently producing in quantity for major defense contractors to 
various specifications of phase angle, D.C. and A.C. ratios with controlled 
frequency characteristics. 

Hermetic sealing or full encapsulation enable networks to meet applicable 
portions of MIL-R-93B and MIL-STD-202A, 

Our Engineering Department will gladly advise the limits of accuracies 
and physical sizes that may be attained for your specifications. 


RESISTANCE PRODUCTS COMPANY 





914 South 13th Street, Harrisburg, Pa 
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NEW MODEL G THERMAL WIRE STRIPPER 


Strips both Teflon and low-melting plastics. 
No blades to cut or nick wire. 

Has continuously-variable heat control. 
Strips any size wire without adjustment. 
Use either as bench or hand tool. 

Designed for production-line use. 

Price $69.50 FOB Altadena, Calif. 

Always available from stock. 
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UPON REQUEST & 


Formulas 
Applications 
Engineering Data 
Screw Torque Data 
Adapter Problems 
General Principles 


PA. See 
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Western Electronic Products Co. |§ 
2420 North Lake Avenue, Altadena, Calif. 
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HIGH RESOLUTION 


SPECTRUM ANALYZERS 


Analysis Problems 
Vibration ¢ Distortion « Pulses « Noise 
Probescope Sonic and Ultrasonic ana- 
lyzers all have automatic optimum 
resolution circuitry. Guesswork has 
been taken out of spectrum analysis. 
One control sets the proper bandwidth 
and sweepwidth to give the best pos- 
sible resolution ...other features in- 
clude...60 db dynamic range... 
linear and log amplitude scales... 
internal calibration markers. 


SPECIFICATIONS 
Frequency Range 
Sweep Width 
Sensitivity 
Resolution 


SPECIFICATIONS 
Frequency Range 
Sweep Width 
Sensitivity 
Resolution 


SPECIFICATIONS 
Frequency Range 
Sweep Width 
Sensitivity 
Resolution 


$S-20 
7 cps to 23 kc 
50 cps to 6 kc 
500 microvolts 
14 cps 


SS-100 
13.5 cps to 110 kc 
200 cps to 20 kc 
500 microvolts 
27 cps 


$S-500 
75 cps to 600 kc 
2 ke to 200 kc 
250 microvolts 
150 cps 


Synchronous Sweep Generator 


All Probescope analyzers feature 100 
db dynamic range sweep generator at- 
tachments to visually display passband 
characteristics of amplifiers and fil- 
ters. Noise and distortion which nor- 
mally obscures response curves are 
eliminated. 

Other spectrum analyzer models for 
subsonic, single sideband and tele- 
metering analysis. 


Write for more information. 


PROBESCOPE COMPANY INC. 


8 SAGAMORE HILL DR., MANORHAVEN, L.1., N.Y. 
POrt Washington 7-8150 
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to the circuits so that they connect the conductive 
pattern at appropriate points on the circuit. The re- 
sistance values are established by the resistivity- per- 
unit-area of the resistive film and the pattern geometry. 
This step is followed by the deposition of a dielectric 
film by evaporation or sputtering over the previously 
deposited bottom electrode. The top electrode for 
capacitors is then evaporated so that it connects with 
the conductive pattern at the appropriate points (Fig. 
2). The thickness of the dielectric, the dielectric con- 
stant, and the area of the electrodes are all used to 


FIG. 2. COMPLETED WAFER in Mu-Circuit con- 
struction shows passive elements formed and ready 


for insertion of active elements, also transistor and 
diode before attachment. 


bstrates _ 


Filament 
Cathode 
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FIG. 3. ELECTRON GUN method of thin film de- 
position provides control of deposition rate by 
scanning of electron beam. 


control capacitance. Miniature diodes and transistors 
are then soldered into place, and if it is desired, leads 
for input, output and bias connections are attached. 
The circuit is now ready for testing. 

Mu-circuit “components” have received exhaustive 
testing in sti'l air on life, temperature coefficient, 
noise and resistance to environmental stresses, and 
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Taco Ruggedized Yagis are available in many 
models for various operations from 30 MCS 
to 500 MCS. Hardware is available for 
stacking two or more units of any model for 
additional gain. Power handling capacities 
range to 750 watts for single units, which 
may be raised through stacking arrays. Gain, 
directivity patterns, and front-to-back ratios 
are excellent, varying in characteristics 
according to the particular model chosen. 


communications 





All types of mounting hardware 
are standard accessories, for 
both vertical or horizontal polar- 
ization. 





Mast-Mounting accessories assure 
positive azimuth positioning and 
dependability. 


Write for complete details, including all 
- mechanical and electrical specifications... 


TECHNICAL APPLIANCE CORPORATION, Sherburne, New York. 
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have been found to meet appropriate Mil-spec re- 
quirements. Tolerances values of +5% are achieved 
by the techniques of vapor deposition. 

The process of evaporation and deposition of ma- 
terials is accomplished in a vacuum chamber by one 
of many possible methods. Originally, resistance heat- 
ing of a crucible or boat in which the evaporant was 
placed, allowed the vapor to be liberated in the vacuum 
for deposition on the masked substrate. Because of 
tendencies of evaporants to react with boat materials 
to produce contamination, electron bombardment heat. 
ing is now being used. In one type, the self-accelerating 
electron beam system, (Fig. ) one of the gun com- 
ponents supplies most of all of the accelerating volt- 
age. In this method close control of the heating effect, 
by scanning the electron beam over the surface under- 
going heating, precisely controls the rate of evapora- 
tion achieved. A similar method, although considerably 
more sophisticated. in execution, is deposition by ion 
beam in which ionized metal is deposited in con- 
trolled configurations without the use of masks. This 
method, now in the experimental stage, shows great 
promise for automation of Mu-Circuit fabrication to 
considerably decrease variations in deposition which 
will add to the reliability of the finished circuit. 
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High-Power Transistors 
by New Etch Process 
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FIG. 1. MADT and Ideal transistor geometries show 
close comparison. E, B, and C represent Emitter, 
Base and Collector leads, respectively. 


Etching by transmitted light, a process recently an- 
nounced by Dr. C. G. Thornton, Director of Semi- 
conductor Research and Development for the Lans- 
dale Div., Philco Corporation, is credited with mak- 
ing possible high power Micro Alloy Diffused-base 
Transistors (MADT) which are inherently close to 
ideal design for high frequency applications. 

The MADT technique has long been recognized to 
offer superior high frequency characteristics due to 
the extreme thinness of the diffused base layer per- 
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Sensitivity... 
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the 7hermo Electronic 
High-Gain Relay Amplifier 


gives you extreme sensitivity —stability — 
accuracy—detects even the slightest dif- 
ference between reference and measuring 
points in process controls, monitor sys- 
tems, and for go-no go quality control. 


In operation the Thermo Electronic Relay 
Amplifier recognizes the polarity of one 
microvolt de signal—converts to ac—and 
amplifies to actuate a master relay in ac- 
cordance with the input signal polarity. 
It will tolerate line voltage fluctuation from 
90 to 130 volts and external input resist- 
ance to 10,000 ohms. 


To protect your valuable equipment or 
process output, the new T.E. Relay 
Amplifier incorporates a built-in fail-safe 
circuit to shut down operation in case of 
power failure, component or transducer 
breakdown. All parts are standard, easily 
replaced, without effect on operating char- 
acteristics. Negative feedback reduces in- 
ternal noise to negligible level. 


Just 6% lbs. weight—4%4” x 334” x 6”, 
compact—to fit in almost anywhere. 


Write today for Bulletin 90-9 


Thermo 


Elect rie oo. 


SADDLE BRCOK, NEW JERSEY 





to Canada: THERMO ELECTRIC (Canada) LTD., Brampton, Ont. 
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AC 
BREAKDOWN 
TESTERS 


Complete line of units designed for test- 
ing in accordance with ASTM D-149 and Federal 
Spec. LP-406, Method 4031, used for determina- 
tion of dielectric strength and breakdown voltage 
safely, simply and accurately in the laboratory or 
on the production line. 


FEATURES 


Completely self-contained 

Automatic rate of voltage rise 

Plug-in test electrodes 

Retention of voltmeter reaming after break- 
down 

Dual range units available for maximum ver- 
satility, up to six voltmeter ranges 


In addition to the standard models noted below, 
special models incorporating higher output ratings 
and a number of metering systems including pri- 
mary metering, direct secondary metering, and 
digital output with recording can be provided. 


SINGLE DUAL 
PA-5-152 PA-5-255 PA-5-502/102 
PA-5-155 PA-5-502 PA-5-252/052 
PA-5-252 PA-5-505 PA-50-1005/205 

PA-50-1005 


ARC RESISTANCE TESTER 


Used for measuring the abil- 
ity of insulating material to 
withstand high-voltage low- 
current arcs. Supplied in 
conformance with ASTM 
D- ~»? and foe Spec. LP- 
406 Method 4011.2. Simpli- 
fied operation includes auto- 
matic stepping and timing, 
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mitting short carrier transit time, high frequency re- 
sponse, and optimum switching performance. A heat 
sink is located close to the collector-base interface to 
remove heat quickly, and emitter and collector elec- 
trodes are kept no larger than necessary for the de- 
sired current levels. A diagram of the conventional 
MADT shown in Fig. 1 shows that this design closely 
approximates this ideal. However, the problem of 
achieving a sufficiently large, thin and flat base-collec- 
tor interface has heretofore prevented the application 
of MADT design to high-power units. 

Precision etching is somewhat analagous to dif- 
fusion techniques, in that it also controls basewidths. 
Unlike the diffusion process, however, precision etch- 
ing is relatively immune to local variations and im- 
perfections in the semiconductor material. Philco re- 
search has established that high etching speeds and 
uniform illumination of the semiconductor material 
are two vital factors in the etching process. 
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FIG. 2. ETCHING by Transmitted Light (ETL) 
technique developed by Philco is credited with suc- 
cess in precision etching of large-area, high-capac- 
ity transistor base area. 


The electropolishing effect became evident during 
a study of the effect of current density on flatness of 
the etched surface. In attempting to etch at very high 
speeds, germanium atoms collect in any minute valleys 
and are not easily removed. Moreover fresh solution 
cannot enter the valleys readily, therefore etching is 
impeded in these sites. Conversely etching is very 
rapid at the peaks, where there is always a fresh supply 
of solution. The net result is that an almost perfectly 
flat surface results. Interferograms of material sub- 
jected to this electropolishing process show that such 
surfaces are flat to better than one wavelength of 
sodium light. 

The importance of illumination during etching has 
been recognized in conventional etching techniques. 
The surface of a wafer of germanium is composed of 
hydrated germanium atoms tightly bonded bv electron 
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LOW FRICTION and WEAR 
LASTING PRECISION ALIGNMENT 
ELIMINATE BINDING and CHATTER 
ZERO SHAKE or PLAY 
LONG LIFE— LOW MAINTENANCE 
SOLVES SLIDING LUBRICATION PROBLEMS 





Used by progressive engineers in the latest guidance, 
fire control and navigation systems, computers, inertial 
devices, instruments. 
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pairs to germanium atoms deeper in the crystal. In 
order to remove germanium atoms at the surface, holes 
must be brought in to replace the bonding electrons, 
permitting the surface atoms to dissolve in the jet- 
stream. Light energy (photons) impinging on a ger- 
manium atom in the semiconductor wafer, creates hole- 
electron pairs. The electrons thus created move off to 
the external circuit, while the holes drift to the circuit 
being etched. Four such holes replace the electrons 
which bond the hydrated germanium atoms to the 
surface, and the atoms dissolve in the jetstream. 

Standard precision etching methods, in which the 
wafer is illuminated from the side of the jetstream, re- 
sulted in convex pit bottoms in etched pits larger than 
12 mils in diameter. This was caused by the fact that 
holes tend to recombine while travelling through the 
material, making more holes available at the edge of 
the pit than the center, thereby making the center of 
the pit higher than the edges. 

The Etching by Transmitted Light (ETL) tech- 
nique developed by Philco consists in illuminating the 
wafer from the side opposite that being etched, re- 
sulting in the generation of an even, massive con- 
centration of holes. As a result, pits having diameters 
greater than 115 mills are flat to within one wave- 
length of sodium light. 





FIG. 3. CROSS SECTION of MADT power tran- 
sistor with gain bandwidth of 33 me. 


Using the ETL process a 15 watt MADT has been 
developed (Fig. 3). In contrast to other high power 
devices it shows a high degree of radiation resistance, 
and is being evaluated under a Signal Corps contract 
for use in a dc-ac converter for a nuclear radiation 
environment. High-power high-frequency switching 
MADT’s have demonstrated remarkably low switch- 
ing times. Saturated rise, fall and storage times are 
typically 40, 75, and 35 psec, respectively, at a collector 
current of 1 ampere. The narrow collector region as- 
sures high efficiency operation; collector resistance is 
approximately 0.4 ohm (I, = 1 amp, I, = 0.1 amp.). 
Gain bandwidth at an emitter current of 150 ma is 
typically 33 mc, about three times larger than the 
best diffused-base unit now available. Beta linearity 
is quite good. 

The ETL technique is also expected to have appli- 
cation in the fabrication of solid-state circuits now 
being designed. 
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DISPLACEMENT TRANSDUCERS 


with BUILT-IN SOLID STATE circuitry 


To permit dynamic measurements with micro-inch resolution 


SPECIFICATIONS 





DC TO AC CONVERTER 





Excitation: to 24 VDC 








x2 





Range: +.050” to + 50” 
Scale Factor: to 100 V/in. DC 














*. * e 2°, 
Linearity: 0.5 % } TRANSDUCER 
; ELEMENT 


Dynamic Response: exceeds 
1000 CPS 





Resolution: infinite 








Stability: 0.1% F.S. 


Temperature: to +275°F eres 





SEND FOR DATA 


G. L. COLLINS CORPORATION 


2820 EAST HULLETT STREET LONG BEACH S CALIFORNIA 
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In Trio Labs’ new 

| Standard Laboratory 
_ AC VIVM...the signal circuits 

are isolated from case and power 

Circuits, to provide 

@ floating measurements previously impractical 


@ accurate voltage measurements to 5 cps 
@ shock safety: case isolated from circuit under test 


ecpemnemnenmnane conn 





The new Model 109-2 has 12 voltage ranges calibrated to RMS value of 
a sine wave: 0.001 to 300 VAC full scale, with frequency range of 
5-200,000 cps. Accuracy is +2% full scale. Can measure accurately to 
20 microvoits. Input impedance 10 megohms. Low distortion amplifier 
output voltage can be externally shorted without internal damage. 
Power: 105-125 VAC, 50-420 cps, 25 watts. Price: $220.00 
For free 36-page Engineering Guide, write to Dept. MSD-6 
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Multiaperature Devices 


AMP-MAD*, a multiaperture memory device, em- 
ploying specially-shaped, magnetic cores in which a 
number of minor apertures are spaced about a major 
aperture (Fig. 3), can provide storage of digital and 
analog data. Using square hysteresis loop ferrite ma- 
terials, these new gometric configurations uniquely 
provide intrinsic non-destructive readout of stored 
data. The new principle is a development of the 
Syscom Division, AMP Incorporated, Harrisburg, Pa. 

In digital applications, the intrinsic non-destructive 
readout capabilities of MAD eliminate the need for re- 
write programming and circuits where repetitive read- 
out is required. In buffer applications, the many minor 
apertures permit multiple, independent, non-destruc- 
tive outputs from each MAD core. This means that 
information can be transferred simultaneously from a 
central data source to a number of inputs, with the 
readout rate from the MAD adjusted to the clock rate 
of each input. 

Sufficient voltage and power, without diodes, ca- 
pacitors or transistors, can be controlled from AMP- 
MAD shift registers to drive incandescent lamps and 
other indicating devices in visual display systems. 

In analog applications, taking advantage of the high 
degree of linearity between remanent magnet flux and 
applied drive, AMP-MAD can store analog data in- 
definitely. The AMP Analog Transient Signal Recorder 
uses this property to meet display time requirements 
of the high- or low-speed oscilloscopes, pen recorders 
and electronic comparator circuits. 

Toroidal Core Principles. Toroidal magnetic cores 
contain remanent flux (flux remaining after drive 
pulses is removed) whose direction is bi-stable. By 
applying a current through winding “A” of the core 
in Figure l-a and 1-b the remanent flux in the core can 
be established as clockwise or counterclockwise. 

The core is said to be in a “zero” state (Fig. 1-a) 
when all the remanent flux is in the CLEAR (clock- 
wise) sense and a “one” state (Fig. 1-b) when all the 
remanent flux is in the SET (counterclockwise) sense. 
One of the limitations of conventional toroidal mag- 
netic cores in storage applications appears during the 
readout of interrogation cycle. A toroidal core is “in- 
terrogated,” or “read out,” by application of a drive 
current in a direction to clear the core. On an output 
winding (B, Fig. l-c) a voltage will be induced if 
remanent flux is switched by the interrogation pulse. 
If the remanent flux was already in the clear direc- 
tion, no output voltage would be obtained. After an 
interrogate pulse the core is always left in the clear 
condition, i.e.—remanent flux clockwise—regardless 
of whether a “one” or a “zero” was read out of the 
element. This is called destructive readout. Where non- 
destructive output is required, most digital equipments 
utilize elaborate rewrite circuits that cycle the in- 
formation back into the core after readout has taken 


*AMP-MAD is a trademark of AMP Incorporated. 
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FIG. 2, MAJOR aperture requires more flux to set. 
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FIG. 3. AMP-MAD readout is nondestructive. 


place. Since rewrite circuits require additional pro- 
gramming and since each additional piece of equip- 
ment increases costs and decreases reliability, the 
elimination of such rewrite cycling is highly desirable. 

AMP-MAD Core Principles. Flux switching begins 
at the inner diameter (or shortest magnetic path) of a 
toroidal core and proceeds outward to the outer diam- 
eter (longer magnetic path) until the flux field is 
entirely reversed. For a given material, the switching 
threshold can be lowered by decreasing the inner di- 
ameter of the core and raised by increasing the inner 
diameter. Saturation drive can be affected by apply- 
ing the same rule to the outer diameter. Through 
precise control of ferrite material, a linear relationship 
between drive and remanent flux can be achieved. Fig. 
2 shows threshold and saturation points for both the 
major and minor apertures of a given core and de- 
picts the linear relationship between “drive” and 
“remanent flux”. The minor aperture threshold is 


significantly less than the major aperture threshold in 
that its path length is less (smaller 1.D.). 

Unlike conventional toroidal cores, a MAD. core is 
“set” by reversing half of the total remanent flux. 
This point is shown in Fig. 2. By applying full “set” 
drive to the core shown in Fig. 3b, previously cleared 
in Fig. 3a, remanent flux is reversed on the major 
aperture to a point half way between the inner and 
outer diameters of the core. Now, remanent flux 
exists in a counterclockwise direction on the inner 
leg and clockwise on the outer leg of the core (see Fig. 
3-c. 

The intrinsic non-destructive output of a MAD core 
is a characteristic of its minor apertures in the “set” 
condition. If a minor aperture is threaded with a pri- 
mary (drive) and secondary (output) winding, con- 
tinuous non-destructive readout can be obtained on 
the output winding, transformer coupled to its pri- 
mary winding by the outer leg of the minor aperture. 
In the “set” condition, the drive applied to the minor 
aperture primary winding switches flux locally around 
the minor aperture and is adjusted to a value less than 
the major aperture threshold level. In the “clear” con- 
dition and with controlled minor aperture drive, 
remanent flux cannot be switched around the minor 
aperture and thus no output can occur. Flux switched 
around a minor aperture does not destroy the “set” 
condition of the core. This is non-destructive read- 
out. (From 4-page technical bulletin, AMP Incor- 
porated, Syscom Div., 932 So. 13th St., Harrisburg, 


Pa.) 
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FIG. |. 





FIG. 2. SCHEMATIC, Morphology and Deposition 
Masks for Flip-Flop Unit. 





FIG. 3. SINGLE FLIP-FLOP, completed, is encap- 


sulated with four similar wafers to produce 4-stage 


unit. 


MICROCIRCUITRY DEVICES—(left) 4- 
stage Flip-Flop Unit, (center) 27 mc Transmitter, 
and (right) Serial Adder. 


Microcircuitry--A Practical Technology 


ICROCIRCUITRY was conceived by Varo 

Manufacturing, Inc., Garland, Texas, in 1951. 
Since 1955 Varo has been engaged in Microcircuitry 
research and development under the sponsorship 
of the Office of Naval Research and the Army- 
Navy Instrumentation Program (ANIP). Other 
companies within the immediate group ANIP ef- 
fort with Varo are: The Douglas Aircraft Co. Servo- 
mechanisms, Inc., and Litton Industries. Although 
a number of patent applications are pending on im- 
provements made by Varo, considerable informa- 
tion has also passed into the public domain, since 
work was performed as a part of a group effort 
financed by ANIP and results were openly con- 
tributed to all team members and government 
agencies. 

Microcircuitry is the technology for the design 
and fabrication of electronic devices in which 
fundamental particles of matter are combined in an 
optimum manner to achieve any predetermined 
electrical transfer function. Fabrication proceeds 
directly from the fundamental particles to the 
functioning electronic device without connections, 
assembly operations, or the consideration of com- 
ponents. Primary objectives of Microcircuitry are 
optimum solutions to requirements for increased re- 
liability, reduced size and weight, and low cost pro- 
duction of electronic devices and systems. 

Varo believes that the controlled evaporation 
and. deposition of metals in a vacuum provides the 
best means for accomplishing the objectives of 
Microcircuitry since it makes possible the fabrica- 
tion of electronic devices of essentially unlimited 
complexity or functional capability in one con- 
tinuous operation. 

Since ultimate Microcircuitry objectives appeared 
too complex for immediate attainment, it was de- 
sirable to pursue the research effort in a manner 
that could rapidly attain useful interim states-of- 
the-art. Accordingly, thin film research was initiated 
for three major reasons: 1) Fundamental knowl- 
edge and techniques derived therefrom would di- 
rectly apply to more sophisticated molecular as- 
sembly forms of the microcircuitry concept; 2) 
existing techniques for deposition of thin films pro- 
vide a firm foundation for the requirements of 
Microcircuitry; and 3) the ability to use thin films 
of conducting, resistive, dielectric, and magnetic 
materials for practical passive electronic networks 
appeared to be attainable within a relatively short 
time. 

Today Varo has achieved an interim state-of-the- 


art in which special semiconductors are assembled 
with the vacuum-deposited passive circuitry. These 
devices are inherently more reliable and smaller 
by an order of magnitude than the best component 
assembly. 


Typical Interim Microcircuits 


Fig. 1 shows three typical Microcircuitry devices 
which were demonstrated at the 1960 IRE con- 
vention in New York. At the left is a 4-stage high- 
speed flip-flop containing the equivalent of 104 
components in a volume of 0.12 cubic inches. The 
center unit is a crystal-controlled citizen’s band 
transmitter complete with microphone and 4 mer- 
cury cells. At right is a serial adder containing 
the equivalent of 85 components in 0.04 cu-in. 

The Flip-flop represents a severe application for 
Microcircuitry. It operates from a 1 mc clock and 
delivers 2 watts to external loads while dissipating 
2 watts internally. Temperature rise is 75°C above 
ambient. Operation in ambients of —55°C has been 
satisfactory, also preliminary shock, vibration and 
humidity test results are good. 

The first step in microcircuitry design is to es- 
tablish a conventional schematic which is bread- 
board assembled and tested (Fig. 2). In the circuit 
design, inductive components are eliminated or 
minimized, capacitances limited to less than 0.05 
uf and resistances to less than 20,000 ohms, where- 
ever possible. 

The next step is to decide upon morphology or 
package configuration. Substrates of rectangular or 
circular shape of approximately 1 sq-in area are 
preferred for fabrication in existing deposition 
chambers. Two or more substrates are commonly 
stacked and encapsulated for structural strength. 

A substrate 1” square was selected to accommo- 
date one complete flip-flop. Masks for the de- 
position process are prepared from brass, copper 
or stainless-steel by photo-etching. Slots and holes 
are drilled in the cleaned substrate with the aid 
of dental sandblast tools. The substrate is then 
cleaned and placed in the vacuum deposition cham- 
ber. 

The substrate materials of special barium tita- 
nate provide high dielectric constants to permit the 
formation of capacitances using opposing conduct- 
ing , film areas. Nichrome films approximately 
1000A thick provide a stable resistivity of 100 ohms 
per square. Gold films provide conducting areas 
and paths. 
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tor Reliable Microminiaturization 


The deposited substrate is checked with indium 
probes for proper circuit values. Transistors are im- 
bedded in the substrates and connected to appro- 
priate conducting areas with conducting epoxy. 
Circuit operation is checked and the substrate is 
dip-coated with silicone varnish and baked (Fig. 
3). Fine wire leads between substrates and for ex- 
ternal leads are connected with solder or conduct- 
ing epoxy. Substrates are separated by thin mylar 
sheets, connected to an epoxy terminal board and 
encapsulated. 


Development Technologies and 
Future Outlook 

Now undergoing development are methods of 
dielectric deposition, which will remove the present 
limitation of capacitance values; semiconductor de- 
position and etching, which will permit the forma- 
tion of diodes and transistors integral with the pas- 
sive elements; deposition of magnetic films to 
make inductors and transformer fabrication practi- 
cal; and multigun deposition equipment which will 
permit deposition of passive circuitry for up to six 
or more devices in one chamber pump-down. Such 
production process should lend themselves to auto- 
matic programming for the rapid and economical 
production of complete devices. 

Future applications of the deposition process are 
expected to include functions such as electro- 
luminescence, photoelectrics, thermoelectrics, 
memory, sensors, etc. Each advance in the state-of- 
the-art can be independently incorporated into the 
Microcircuitry design and fabrication process. 

The approaches to and generic names for the 
ultimate Microcircuitry are varied; each has its 
merits and contributes to the knowledge which is a 
common requisite. The combined technologies are 
now sufficiently advanced to achieve reliability and 
size reduction which are orders of magnitude 
better than the most sophisticated component as- 
sembly. The growing number of organizations en- 
gaged in fundamental and applied Microcircuitry 
research assures the continued rapid advance in 
knowledge and techniques. The Microcircuitry con- 
cept, its rapid acceptance and rapid rise to promi- 
nence portends a revolution in the electronics in- 
dustry without parallel or precedent. (From 10- 
page paper, “Microcircuitry”, Varo Mfg. Co., Inc., 
Garland, Texas) 
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FIG..4. POSSIBLE TECHNIQUE for 
fabricating MICROCIRCUITRY devices 
on semiconductor substrates. Each ad- 
vance in the state-of-the-art contributes 
to the versatility of the concept. 





|DY STALO STABILITY TESTER 


A VERSATILE 
MICROWAVE 
STABILITY TESTER 
DESIGNED FOR ANY 
APPLICATION 
REQUIRING 
PRECISE 
MEASUREMENT 

OF FREQUENCY 
STABILITY 


SERIES 800 


PITLOG 
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PITOMETER LOG CORP. 
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TEST RELAYS FASTER, MORE ACCURATELY, WITH EECo’s ALL-NEW 


RELAY 
TESTER 


Where knowledge of relay performance is 
important to your operations, here’s one 
of the most valuable aids ever devised. 


It’s EECo’s Model RT-905, latest im- 
provement on the most successful line 
of relay testers ever made available. 














Measures voltage and current simultane- 
ously, both pull-in and drop-out. Measures contact resistance, coil resistance, 
insulation resistance, pull-in and drop-out time, contact bounce. Automatic 
relay driving circuitry. Oscilloscope connections and appropriate circuitry. 
Write for data sheet, and turn over your relay troubles to an EECo RT-905. 


Anaheim Electronics Division 


Electronic Engineering Company of California 


® 1601 East Chestnut Ave.» Santa Ana, Calif.» KI mberly 7-5501 «TWX:S ANA 5263 
EEO-9 
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For System Applications 






































Complete Line of General Electric 
400-cycle Inductrol 
Voltage Regulators 


Induction regulation is the only reliable 
answerto many system control problems 


Ratings, 1000 kva and above—120 to 600 


volts, single- and three-phase 


FEATURES 
Built to meet MIL specifications 
No brushe: 
No harmful waveform distortion 
Drift-free tubeless controls 
Voltage adjustment up to 100 
Automatic, motor-driven, or hand-operated 
Compact—high capacity 


Temperature, power factor, and frequency 
compensated 


Highly reliable 
9.E.’s rr 
aovahic ha maar: 


oe Reh toh fel mi actelacttelahiec. 


GENERAL ‘é) ELECTRIC 


CIRCLE 54 ON READER-SERVICE CARD 


SERVO TRANSISTOR AMPLIFIER 


New moderate temperature, medi- 
um gain transistorized amplifier with 
high gain stability for severe vibra- 
tion conditions features built-in cur- 

or 


rent limiting to prevent “runaway”. 
Unit cannot be damaged by shortcir- 
cuited output or power reversal. Open 
loop gain is over 40 db, closed loop 
gain is 10 to 26 db—Mr. Ronald 
Oldenburg, Section 242, Taber Inst. 
Corp., No. Tonawanda, N. Y. 
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COMPUTER DIODES 


New ultra-fast glass silicon diodes, 
types 1N903—1N908, plus 1N914 and 
LN916, feature max recovery times 
of 4 musec and capacitances typically 
less than. luuf. Exceed environmental 
requirements of MIL-S-19500B.— 
Rheem Semiconductor Corp., 350 Ellis 
St., Mountain View, Calif. 
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SUB-MIN LOGIC ELEMENTS 


New Multi-mode dual inverter/ 
shifter Type MM-2A, including 2 in- 
verter amplifiers, 2 polarity inverters, 


a setpreset flip-flop and a non-invert- 
ing amplifier. Epoxy encapsulated and 
meeting Mil-specs, the unit is only 
1” long x 0.8” x 0.5” high.—Universal 
Data Systems, Inc., subsid., Becker 
Electronics Mfg. Corp., 1091 Rocka- 
way Ave., Valley Stream, N. Y. 
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TUNNEL DIODE SERIES 


Five new tunnel diodes, said to com- 
prise the widest range of typical peak 
currents available, are the T101-0.8 
ma; T102-1.5 ma; T103-3.5 ma; T104- 


7.0 ma; and T105-15. ma. Peak to val- 
ley current ratios on all types are 
said in excess of 5.0 to 1, typically 
8.0 to 1. Operating storage tempera- 
ture is from —55° to 100°C. The 
units have a 100 mw dissipation rat- 
ing at 25°C.—Sperry Semiconductor 
Div., Sperry Rand Corporation, So. 
Norwalk, Conn. 
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SILICON TUNNEL DIODES 


Types HT-1 through HT-10 Silicon 
tunnel diodes, said to be the first 
offered commercially, designed for 
operation in ambients from —85° to 
200°C, are available for applications 


in pulse circuits, gating, memory 
matrices, negative resistance ampli- 
fiers and microwave oscillators. Dif- 
ferences in types are in peak current 
and negative resistance. Typical neg- 
ative resistances are from 220 down 
to 38 ohms, with peak currents from 
1.0 to 5.6 ma.—Semiconductor Div., 
Hoffman Electronics Corp., 1001 Ard- 
en Drive, El Monte, Calif. 
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NEW SUB-MIN TUBE 


A thimble-sized “Nuvistor” vacuum 
tube based on new design concepts de- 
veloped by RCA research engineers is 
said to take up only y:th of the vol- 
ume, and to consume less than one- 
half the power of its present-day 
triodes. Made of ceramic materials, 
steel, molybdenum and tungsten, the 
tube can withstand high shock and 
vibration.—Electron Tube Div., Radio 
Corporation of America, Harrison, 
N. J. 
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FOR SERVO APPLICATIONS 


SPECIFICATIONS* 


*Ro output, dry-coil and 
oper nt Nea models 
available. 


booklet on Torque Motor Applications to: 


AMERICAN MEASUREMENT & 
CONTROL, INC. twinbrook 4-6212 
240 Calvary St., Waltham 54, Mass. 
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MILITARY SYSTEMS DESIGN 










HI-SPEED SWITCH TRANSISTOR 


New 2N1473 switching transistor 
designed for use in telemetered tor- 
pedoes, projectile fuses and high-im- 






pact missiles is capable of operating 
during and after 20,000 G accelera- 
tions. It also performs critical switch- 
ing functions up to 400 ma Ic. Full 
characteristics and ratings on request. 
—Semiconductor Div., Sylvania Elec- 
tric Products Inc., Woburn, Mass. 
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POWER TRANSISTORS 


“Highest-rated” power transistors 
commercially available is claim for 
new 2N1522 and 2N1523 at 50 am- 
peres, with low saturation voltage of 


% vy, and max resistance of 0.01 ohm 
at 50 amp I.. Other new units are 
2N1520 and 2N1521 with I. of 35 
amps, while 2N1518 and 2N1519 are 
rated at 25 amperes. Engineering 
data sheets on request.—Delco Radio 
Div., General Motors Corp., Kokomo, 
Ind. 
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TRANSISTOR TRANSFORMERS 


New DO-T transistor transformers 
are hermetically sealed items having 
power handling capability 10 to 100 
times greater than other units twice 


R 100~ 200~ 400% 600~ IKC 20KC 
+4 


ION -*7. 
+ +sMILLIWATTS AT 7-1/2% 01ST. 


at 
< 
3B  OISTORT! 


their size. New types provide split 
secondaries for balancing required 
when driving transistors. 44 types 
covering all medium and _ low-level 
transistor applications now avail- 
able.—United Transformer Corp., 150 
Varick St., New York 18, N. Y. 
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NEW SYSTEM 










REDUCE DRAWING-STORAGE SPACE UP TO 95% 
Save *20,000 to 100,000 yearly on time, labor, and materials! 


How would you like to reduce—by as 
much as 95%—the storage space you 
now allot to active and inactive engi- 
neering drawings? 

In so doing, you’ll also reduce time 
and labor costs dramatically. Savings as 
high as $100,000 a year can be achieved 
because of a spectacular breakthrough 

in storage and 
reproduction 
techniques. 
This devel- 
opment, called 
a unitized mi- 
crofilm system, 
has three basic 
steps: micro- 
filming origi- 
nal drawings 
or changes; 


mounting individual frames into die- 
cut apertures of data-processing cards; 
and, from the cards, automatically en- 
larging the microfilmed drawings by 
xerography, fast and economically, in 
a XeroX® Copyflo® 24C continuous 
printer. 

Dry, positive prints, translucent in- 
termediates, or offset paper masters 
emerge at the rate of 20 feet a minute. 
They are automatically cut, and ready 
for immediate use. 

The aperture cards, which may be 
machine-sorted for any combination, 
are stored in miniature working files, 
occupying only a tiny fraction of the 
space required by blueprints, interme- 
diates, or originals. 

There is no refiling. The quality of 
xerographic prints is superbly high, yet 


PUSH THE BUTTON...AND COPIES FLOW’: 
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they are so inexpensive that engineers 
are urged to discard them after use. 


Unitized microfilm systems offer 
many other striking economies in time, 
money, and materials. Our booklet X- 
287, showing the many benefits, is yours 
for the asking.. Write Hatom XERox 
Inc., 60-200X Haloid St., Rochester 3, 
New York. Branch offices in principal 
U. S. and Canadian cities. 


Overseas: Rank-Xerox Ltd., London. 


HALOID 
XEROX 
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EAGLE ‘Nil-Spec” Precision 
TIME DELAY RELAY 


FOR 

INDUSTRIAL OR 

MILITARY APPLICATIONS REQUIRING 
2000 cps VIBRATION TESTS 


SPECIFICATIONS 
a. Operates during 5 to 2000 d. ‘D.C. operating coil. Wet, 
cps, 10G vibration. 9 oz. 


e. Hermetically sealed. 
{. Timing not affected by 


b. _ —55° to +125° 
c. Withstands 30G 11ms | 
shock. aeten voltage variations. 
° « Write for descriptive er No. 820. 
. Address Dept. MSD-560 
EAGLE — SIGNAL COMPANY 
MOLINE, ILLINOIS 


MANUFACTURERS OF THE MOST COMPLETE LINE OF INDUSTRIAL TIME-COUNT CONTROLS 
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This rugged, miniature Dynaco transmission is available with up to 
15 speeds, in any range from.3.3 to 7812 RPM. Dynaco gears are 
303 stainless, 24 ST aluminum and DuPont DELRIN which has 
excellent resistance to wear and reduces noise factor. All shafts are 
303 stainless. 

Applications are for recording instruments such as oscillographs or 
other recording devices requiring constant, precise RPM. Also used 

as lab device for testing servo packages. 


New catalog on Dynaco line of miniature, precision stock and custom gears, 
differentials and components is now available 


GEAR CO. INC. 
AMITYVILLE, 
NEW YORK 
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POWER TRANSISTORS 





New Silicon intermediate power 
transistors, Types 2N1047 to 2N1050, 
are of diffused-junction NPN confor- 
mation, designed for power switching 
and amplifier applications in the 
—65°C to 200°C temperature range. 
Vee is from 80 to 120 v, with power 
dissipation of 40 watts at case tem- 
perature. Meet MIL-E-19500B.—Sili- 
con Transistor Corp., Carle Place, 
N. Y. 
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MINIATURE VR TUBE 


New line of miniature high-voltage 
vacuum tube voltage regulators with 
pentode . configurations, capable of 





handling 1,000, 4,000 and 10,000 v, 
are also useful as power amplifiers in 
high voltage equipment.—Victoreen 
Instrument Co., Cleveland, Ohio. 
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SCANNING IR DETECTOR 


New IR Type J-02 detector of ex- 
tremely small area (0.1mm x 0.1mm) 
uses the indium antimonide photovolt- 
aic effect at liquid Nitrogen tempera- 
tures giving NEP values of 2 x 10™ 
at 5 microns and 7 x 10™ watt for 
500° K moeknedz, menpenes from the 
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ited; ; 3 . ‘ 7 
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visible region to 5.7 microns is with 
a time constant of less than 1 usec, 
permitting its use in high resolution 
rapid scanning designs.—Radiation 
Electronics Co., 5600 Jarvis Ave., Chi- 
cago 48, Ill. 
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HELIX ANTENNAS AND 
REFLECTORS 


New extended line of helix anten- 
nas and matching reflectors, includ- 
ing 4, 6, 8 and 10-turn types are furn- 





ished in single, dual and quadruple 
assemblies. Polarization is circular 
for orbital body telemetering and 
other airborne communications. Man- 
ual and remote controlled mounts al- 
so supplied.—Technical Appliance 
Corp., Sherburne, N. Y. 
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TIMING CONTROL MODULES 


New subminiature modules provid- 
ing applications in precision timing 
control, logic, and programming 





equipment are available in fixed and 
adjustable types as individual “build- 
ing blocks”. Time delays from 0.00005 
sec to 300 sec are available. Detailed 
characteristics on request.—Tempo 
Instrument Inc., P. O. Box 338, Hicks- 
ville, N. Y. 
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P-TYPE IR DETECTOR 
New QK-748 P-type gold-doped 
germanium infared detector has spec- 
tral sensitivity of 2-64 with sapphire 








windows, 2-94 with silicon windows. 
Operates with Santa Barbara Re- 
search Cooler at liquid nitrogen tem- 
perature (78°K) with response of 
D* =5 x 10° cm/watt, and time con- 
stant less than 1 yusec.—Microwave 
& Power Tube Div., Raytheon Compa- 
ny, Waltham 54, Mass. 
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made to Joint 
Army and Navy specs 


Tiny yet sturdy. Long 
trouble-free service. Operating 
os above minimum required 
y specs. Available in SPST, 
spor. DPST and DPDT. DC 
and AC up to 1600 cycles. Made 
to JAN-S-23, MIL-S-6745, 
MIL-S-21195 and 
MIL-S-3950A. 


All parts treated against 
corrosion. Units come with 
mounting nuts and sleeve lock- 
washer. AN switches supplied 
with toggle seal. 


ASK FOR DATA... 
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MILITARY SYSTEMS DESIGN 
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Inductor Design Data File 


A convenient loose-leaf reference guide to per- 
formance characteristics of filters, magnetic amplifiers, 
and torodial coils engineered and produced to mili- 
tary and customer’s specifications by Components 
Corp., 2857 No. Halsted St., Chicago 14, Ill., is 
available on request. Different colors are used for 
data sheets for the three classes of products, enclosed 
in a coyer which serves as a filing jacket. 
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1 | TYPE 0300-A0 INDUCTOR - Q VS FREQUENCY 
AT CONSTANT FLUX DENSITY. 


o} 
€ Curve L lems vi 
(mhy) (ampsVhy) 
A 50 .003 C, nominal dist. = 200uuf 
B 250 01 
Cc 250 A Rac nominal = 500 ohms/hy 
D 250 5 
L range = 5 mhy to 1.5 hys 
k- 


Wave Filters cover all types for separating fre- 
quency bands up in the 0 to 500 ke region, including 
band pass filters and oscillator tanks used in missile 
control applications, complementary filters, narrow 
band pass filters, discriminators and low pass filters. 
Toroidal Coils ranging from 3/16” OD to 5” OD 
include high-Q inductors, IF transformers, dc-dc con- 
verter transformers, pulse transformers, output trans- 
formers, 400 cps filament transformers, and many 
other uses designed to customer specifications. Mag- 
netic Amplifiers are designed in close liaison with the 
consumer, covering servo motor control, relay con- 
trol, voltage regulator and other applications. 

Information provided in data sheets includes char- 
acteristic curves, dimensions arid other design data 
similar to that shown for the Type 0300-A0 inductor, 
lustrated. 


FOR MORE INFORMATION CIRCLE 132 ON READER-SERVICE CARD 


GN May-June, 1960 

















rAtlomelele 


OHMS 


0.25% 


TOLERANCE 





CINEMA 


MICROMINIATURE 


PRECISION WIRE-WOUND 
RESISTORS 


Space at an absolute premium? Take 
advantage of Cinema’s extremely compact 
design in precision wire-wound resistors to 
miniaturize your electronic assemblies.. 
Featuring rugged construction, Type CE200 
resistors utilize unique winding techniques 
and are encapsulated in a superior epoxy 
formulation for complete protection against 
environmental conditions. Units are aged for 
long-term stability and high reliability. Per- 
formance characteristics per MIL-R-93B and 
MIL-R-9444. Standard temperature coeffi- 
cients are + 20 ppm, with finer coefficients 
on special order. The CE200 resistors are 
available in the following sizes and ratings: 





WATTAGE MAX. 
TYPE — RATING DIA. LENGTH RESISTANCE 


CE241E 05 y,” y,” 450K 
CE242E Jl y,” ¥%,” 700K 
CE243E 25 x,” 4%” 1.8 Meg. 
CE244E | .25 | Y%” | %" | 2.5 Meg. 


For printed-wiring applications CE400 Series Units are 


available. Write today for com- 
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SATELLITE TRANSMITTER 


Tiros weather satellite uses two 
Model 3115 FM telemetry transmit- 
ters to relay cloud-cover pictures to 





earth. Operated at 235 mc, and weigh- 
ing only 33 oz., each transmitter is 
completely sub-miniaturized, produc- 
ing frequency modulation at low fre- 
quency with wide deviation, where 
S/N ratio is high. Output is 2 watts 
power.—Radiation Incorporated, Mel- 
bourne, Fla. 
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“MOLD-IN” TERMINATIONS 


High Power Terminations can now 
be installed in customer-furnished 
waveguide and coaxial assemblies by 





ceramic-base microwave power ab- 
sorbers molded in place for high pow- 
er capacity without artificial cooling. 
Small lot deliveries approximately 72 
hrs.—Radar Design Corp., Syracuse, 
WN. ¥; 
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ANTENNA TEST COUPLER 


New No. 9322 Radar performance 
monitor covering range of 1000-11,000 





me “matches out” countermeasure an- 
tennas of all types, providing a 40db 
+ 2.5 db calibrated signal over a fre- 
quency range more than 10 kme wide, 
which is accessible for power and fre- 
quency checks through coupling de- 
vices. Variation in VSWR from free 
space to antenna coupler is less than 
0.12 over a 200% bandwidth.—Bogart 
Mfg. Corp., 315 Siegel St., Brooklyn, 
N.Y. 
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MARKITE 


CONDUCTIVE 
PLASTIC 
POTENTIOMETERS 


Type is 


¥%," dia. rotary 


Type m 


Dual-element rectangular 
rectilinear 


1%." dia. rotary 


MARKIFE 
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© HYDRAULIC 
O PNEUMATIC 
© MECHANICAL 
GAS SERVO 


STEMS 


re (1200°F) and dry 
ors are also available 
specific applications. 
struction, found only 
cs’ Torque Motors, 
imum reliability, low 
zh performance. 


PERFORMANCE CHARACTERISTICS, 
SERIES 20 FLAT ARMATURE TORQUE MOTORS. 























MODEL 20-1 20-2 20-3 20-4 
Stroke (in.) +.006} +.007} +.008] +.015 
Output 
Radius (in.) .650 -593 .750 -906 
Midposition 
Force (Ib.) 2.5 5.0 8.0 13.0 
Hysteresis 
(%) 2 2 2 2 
Resonant 
Frequency 
(CPSs) 940 790 580 400 
Max, Power 
Req'd : 
(Watts) 1.6 2.65 3.1 5.2 





Weight (oz.) 2.8 5.8 9.0 19.5 























also manufacturers of the 
“APEX'’ METALLIC SEAL 
(—320° F. to +2200° F.) 
For all AN Cavities or for Special 
Applications — 
hoo 


ervotronics, inc. 
190 GRUNER RD./ BUFFALO 25, N.Y./KEystone 6105 














STEP ATTENUATOR 


New automatic step attenuators 
for rapid change of microwave atten- 
uation values or where attenuators 





must be inaccessibly located, are 
trademarked EMPOWER. 6- or 12- 
step attenuations from 0.1 db to 60 db, 
and from 1 to 4 watts RF power op- 
erating from 28v de power source, are 
available—Empire Devices Products 
Corp., Amsterdam, N. Y. 
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COMPACT UHF ISOLATOR 


New ferrite isolator Model LI-01, 
for operation in the 440-470 mc band 


-_ 


—— 





covers a bandwidth of 30 mc centered 
at 455 mc, providing more than 10 db 
isolation with less than 1.0 db inser- 
tion loss.——Solid State Electronics 
Dept., Motorola, Inc., 8201 East Mc- 
Dowell Rd., Scottsdale, Ariz. 


CIRCLE 137 ON READER-SERVICE CARD 


LARGE FLEXIBLE WAVEGUIDE 


New All-Aluminum flexible wave- 
guides in large sizes with operating 
characteristics as good as, or better 
than, conventional brass types, effect 





Rs 


large weight reductions with elimina- 


tion of non-compatible materials, 
fluxes, plating and cleaning solution 
entrapment through Balanced-Phase® 
construction —E. M. T. Corp., New- 
ton, N. J. 
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MICROWAVE GARNETS 


Single Crystals of Gallium substi- 
tuted Yttrium Iron Garnet having ap- 
plications in magnetically tunable mi- 
crowave filters, passive microwave 


power limiters and 3-level T-W mas- 
ers are now available in two types. 
One type has saturation magnetiza- 
tion of 1000 gauss/cc, with Curie tem- 
perature at 206° +2°C; while the 
other saturates at 600 gauss/cc and 
has a Curie temperature of 160°C. 
Both types have linewidth of not more 
than one oersted at C Band frequen- 
cies.—Microwave Chemicals Labora- 
tory, Inc., 282 Seventh Ave., New 
York 1, N. Y. 
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CHARACTER GENERATOR 


New All-Electronic generator for 
alpha-numeric characters generates 
cathode-ray tube deflection and inten- 





sification voltages to print characters 
on one or many display tubes. Charac- 
ters photographed from tube face are 
shown. 2-page technical bulletin on 
request.—Skiatron Electronics & Tele- 
vision Corp., 180 Varick St., New 
York 14, N. Y. 
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400-CPS STANDARD 


New stable secondary frequency 
source of 400 cps, Model L, is crystal- 
controlled oscillator synchronizing a 
relaxation type oscillator driving a 





binary. The binary in turn drives a 
tuned power output stage (sine wave) 
or a square wave amplifier, keeping 
frequency within + 0.015% over the 
—55° to 100°C. range. Meets Mil- 
specs.—Time Control Systems Div., 
Designers for Industry, Inc., 4241 
Fulton Pkwy, Cleveland 9, Ohio. 
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Available from Stock! 
NEW, INEXPENSIVE, 
LIGHTWEIGHT ORDNANCE 
CRYOGENIC COUPLINGS 


(Patent Pending) 
from FUTURECRAFT 


Now you can replace obsolete cryogenic couplings with 
these new screw type units from Futurecraft—and connect 
flex lines, tubing or pipe quickly, easily and safely fluid-tight. 


These couplings—service proven on Ordnance projects— 
are pressure rated at 150 psi operating, 300 psi proof and 
450 psi minimum burst. Only low torque is required for a 
safe, tight seal. These Futurecraft couplings are available 
from stock in sizes from 1” to 4” in 4%” increments, LOX 
cleaned and packaged. Installation tools are available. 









Write for complete details 


- FUTURECRAFT 
c™ DISTRIBUTION CORPORATION 


1717 NORTH CHICO AVENUE e SO. EL MONTE, CALIFORNIA 
Representatives in principal cities 
TWX: ELM CAL 9678U » TELEPHONE: CUmberland 3-2113 
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Digital (Series TSD) 
& Binary (Series TSB) 


NEW HIGHLY RELIABLE 


THUMBWHEEL SWITCHES 


Available in permanent or removable wafers in 8, 10 or 12 
positions up to 16 switches per modular assembly. Occupies 
only %” panel space per module. Variations available to 
special order. 

Instant, easy numerical readout—only selected numbers are 
visible thru openings in the bezel plate. Thumbwheel is 
black molded nylon with 4%” engraved figures. Other colors 
available. 

Construction is printed circuit wafers with silver, rhodium 
or gold laminate, precious metal alloy contacts and corrosion 
protected aluminum frame. Switch can be positioned hori- 
zontally or vertically. 


Write for detailed specs today. 





CHICAGO DYNAMIC INDUSTRIES, INC. 
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|AIRPAX 


gf Meee oo eee 
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ACTUAL SIZE 


MONTE EAA tt \(O) 1 Gn O)N| 


Available in series, shunt and relay types, Airpax 
Miniature Magnetic Circuit Breakers are stocked 
in DC, 60 and 400 CPS models. Current ratings 
are from 0.05 to 10 amperes. Trip action can be 
instantaneous or delayed depending on the cir- 
cuit requirement. These Circuit Breakers are also 
available in 2 and 3 gang assemblies, in any 
combination, for interlock-circuit protection. 





sulletins B-07 and B-16 


AIRPAX === 
ELECTRONICS Js 


CAMBRIDGE DIVISION CAMBRIDGE, MARYLAND 
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DIGITAL FREQ-METER 


New Model 7175 digital frequency 
meter measures any frequency from 
10 cps to 110 megacycles to an ac- 
curacy of .00003% +0.leps; sensi- 
tivity is 100 mv rms. Consisting of 


Gaia ———— 


10 me counter integrated with a 
hetrodyne frequency meter; measure- 
ments are made by selecting a refer- 
ence frequency in mc to be added to 
digital counter display in cps.—Berke- 
ley Div., Beckman Instruments, Inc., 
2200 Wright Ave., Richmond, Calif. 
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TRANSISTORIZED 
TRANSMITTER 


New phase-modulated telemetry 
transmitter, type TRPT-250, weigh- 
ing about 9 oz has an output of 0.25 
watt nominal in the 215-260 mc range. 


Using available transistors, and re- 
quiring 28v +10% at 80 ma dc power, 
it is said to be capable of transmitting 
data from any subcarrier system in 
aircraft, missiles or space craft.— 
Vector Manufacturing Co., Inc., Key- 
stone Rd., Southampton, Pa. 
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10MC COUNTER-TIMER 
New fully transistorized Model 
1039 Counter-Timer designed for in- 
dustrial and military applications pro- 
vides measurements of frequencies 
from 0 to 10MC, time intervals and 
Eu: j 


periods from 0.3 usec to 10° sec, fre- 
quency ratios to 10° and phase meas- 
urements direct to 0.1°. Features ex- 
clusive Nixie In-Line readout, 3 dc 
amplifiers with 1 megohm input im- 
pedance and 0.1 vrms sensitivity, in a 
panel height of only 5%”; uses only 
50 watts power.—Systron Corpora- 
tion, 950 Galindo St., Concord, Calif. 
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For Pilot—Dial—Indica: 
Ililuminant uses, DRA 
uick-reference catalog 
es selection of just the right 
Miniature Lighting unit. 16 
picture and fact-packed pages 
include detailed specifications; plus highly use 
data on basic unit elements, best choices for various 
uses, etc. Project Data Sheet makes it easy to get 
specific recommendations for your job. Decades of 
specialized experience in all 
aspects of Miniature Lighting 
make DRAKE first ch for 
top results, best quality, 
greatest economy. 


SEND FOR YOUR COPY! 


DRAKE 


MANUFACTURING COMPANY 


4624 N. OLCOTT AVENUE ° CHICAGO 31, ILLINOIS 





KINETIC PRECISION GEAR HEADS, 
SPEED REDUCERS & GEAR MOTORS 
AVAILABLE FOR PROMPT DELIVERY 


KINETIC INSTRUMENT CORP. manufactures various types of precision 
geared components. These include servo gear motors for precision con- 
trol systems and synchronous gear motors for precise drives. 


SEND YOUR SPECIFICATIONS FOR PROMPT QUOTATIONS 
KINETIC INSTRUMENT CORP. 


1070 Linwood St., Brooklyn 8, N.Y. Nightingale 9-8800 
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SM/1 
REPORTER 


BY STANLEY M. INGERSOLL, Capabilities Engineer 


qr-------- 





Engineering notes 
from the 


Report No. 7 


TR 2043-2 Glow Discharge Densitometer 


This instrument was developed by our Research Division from 
investigations into ionization phenomena. It employs the glow 
discharge phenomenon between two electrodes to measure the 


density of a gas between the 


electrodes, which enables it to meas- 


ure altitudes of 40,000-250,000 feet to an accuracy of + 1,000 


feet. When this unit is used 


as a pressure measuring device the 


accuracy is +5% of the pressure reading. At these higher 
altitudes the TR 2043-2 takes over from common barometric 
instruments or mechanical pressure sensing elements which are 
impractical because of their inaccuracy at very low pressures. 
The instrument consists of a power supply and an ion chamber 
packaged in a cylindrical aluminum case four inches long and 
three inches in diameter. Because it does not depend on elastic 
elements, this SM/I sensor is extremely insensitive to shock, 


vibration and acceleration. 


Typical Performance Specifications 


SNBUES? oa ccccocses 
Outputs: 


ROCMTECY: .vccccces 


Response Time: ... 
Power Requirements: 


Temperature Range: .. 


.. Static pressure, ram pressure, temperature 


.. Frequency, typical range 0 to 1000 cps Resist- 
ance, typical range 20K to 2 Megohm Tempera- 
ture, thermistor output 20K to 2 Megohm 


.. *&5% of pressure reading or +1,000 feet alti- 
tude absolute 


.- 40,000 to 250,000 feet {Adaptable for higher 
ranges) 


.. 0.1 seconds maximum 
3.5 watts at 6 VDC including 1 watt heater power 
—65°F to +170°F 














Vibration: .......... 50 g’s 10-2000 cps 
MUNOE Cadanev ed suas 100 g's 
GUE ae is.c a badass 3 inches dia. x 4 inches long 
WOES avec ctdcnse 1 Ib. 4 07. 
STATIC PRESSURE 
(AIR) 
. FREQUENCY 
POWER |1,000 VDC “Saaeene (Density) 
SUPPLY THERMISTOR 




















RESISTANCE 
(Temperature) 
optional 








For more information and complete operating specifications, write 


or wire SM/I today. Address 
Capabilities Engineer. 


SM/1 
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your inquiry to Stanley M. Ingersoll, 


SERVOMECHANISMS/INC. 
Los Angeles Division 

12500 Aviation Boulevard 
Hawthorne, California 
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SPECTRUM ANALYZER 


New SPA-4 Spectrum Analyzer has 
sensitivity exceeding 100 dbm over 
the 10mc—44 kmc range. Eight push- 
button frequency range selector auto- 
matically couples the selected band’s 
proper mixer and oscillator, also il- 
luminates the slide rule dial scale 
and the applicable input connector. 
Bandwidth is variable from 1 ke to 
80 ke for analyzing wide or narrow 
pulsed RF signals.—Panoramic Radio 
Products, Inc., 514 So. Fulton Ave., 
Mount Vernon, N. Y. 
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SCHERING BRIDGE 


New High Voltage Schering Bridge 
for measuring power factor and ca- 
pacitance of electrical insulating ma- 
terials when subjected to high voltage 
stress is available in General Purpose 
and Cable Test Models. Dielectric con- 
stant, loss factor and other values 
may be calculated from measured 
parameters and physical dimensions 
of sample. Capacitance accuracy is 
+0.2% and tangential accuracy 2% 
and better.—Industrial Instruments, 
Ine., 89 Commerce Rd., Essex ©o., 
N. J. 
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TOROIDAL TRANSFORMERS 


New encapsulated toroidal trans- 
formers for transistorized power sup- 





eee erat 5 aa 


plies and inverters are encapsulated 
to perform satisfactorily in ambients 
from —55° to 130°C.—Barker & Wil- 
liamson, Inc., Bristol, Pa. 
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X-Band Variable Delay Line 


A new X-band microwave delay line, variable in 
steps from 13 ft to 1228 ft, now provides 64 differ- 
ent ranges in a compact, stable and quickly-switched 
test stand. The new test instrument, shown with side 
panels removed, essentially consists of a series of 
lengths of coiled rigid rectangular waveguides ar- 
ranged for interconnection by solenoid-operated high 
isolation waveguide switches. 





TECHNIQUES of coiling and switching wave guides 
were essential in the development of this portable 
variable microwave delay line built to Diamond 
Ordnance Fuze Laboratory specifications by Turbo 
Machine Co., Lansdale, Pa. 


The variable delay line was originally developed 
by the Diamond Ordnance Fuze Laboratories, Ord- 
nance Corps, Department of the Army, using straight 
lengths of waveguide which were hand-coupled to 
change the delay value for a test set-up. Two or more 
days were required to test 64 different ranges with 
such an arrangement. During this time measurements 
were usually in doubt because amplifiers and other 
components tended to drift appreciably during a day- 
long checkout. Waveguide delay lines are preferred 
at microwave frequencies because greater delays are 
obtainable with less attenuation, less insertion loss, 
and are not frequency selective. 

Further development by DOFL and engineers at 
Turbo Machine Co., resulted in a method of coiling 
the waveguides and in cleaning and finishing interior 
waveguide surfaces to provide minimum distortion of 
the waveguide to reduce discontinuities and unwanted 
internal reflections. Turbo is also credited with orig- 
inal ideas for the coupling of coils within the wave- 
guide assembly, which permits fast and accurate 
changing of waveguide lengths. 

With the new equipment, there is far less time for 
drifting of amplifiers and control circuits. In fifteen 
minutes time all 64 different ranges can be checked 
out, enabling engineers to take many more measure- 
ments, and more accurate tests. The portability of the 
new equipment, mounted in a test cart, permits trans- 
portation of the delay line to any test area, rather 
than requiring the movement of all delicate laboratory 
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breadboards to the stationary site of the waveguide 
delay line. 

The X-band test stand is now available to labora- 
tories which require a simple, accurate and reliable 
means of testing response up to 1200 ft. The Turbo 
Machine Co., Lansdale, Pa., acknowledges the contri- 
butions in development of coiled microwave delay 
lines and the development of techniques for testing 
and evaluation of electrical characteristics of the coils, 
of the following personnel of the Diamond Fuze Lab- 
oratories: R. R. Palmisano, A. Sherman, Ray Warren, 
H. S. Jones, H. K. Morlock, Irving Flyer, and Solomon 
Levine. 
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New Diodes Operate at 200°C 


Operating at temperatures of 200°C, said to be the 
highest yet feasible for a subminiature silicon diode/ 
rectifier, Types MP100 through MP600 diodes are 
being made available in production quantities by the 
General Instrument Corporation. The new diodes are 
of fused junction construction encased in hermetically- 
sealed glass (0.300” long and 0.105” diameter), and 
are particularly useful in miniaturized applications. 
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FORWARD VOLTAGE, VOLTS 


FIG. 1. FORWARD CURRENT vs forward voltage 
dabei Type MP Series Silicon Diode Recti- 
fier at typical ambient temperatures. 


° 


1.0 1.3 


TABLE |. ELECTRICAL DATA SERIES MP 
SILICON DIODE/RECTIFIERS 


PIV De Output Current (ya) 


Vas Forward Voltage 
Type (Volts) Current (Ma)* @ PIV é 


Drop ver 
Ma. @ 25°C. 


25°C. 200°C, 25°C. 200°C. 


MP 100 100 400 50 05 75 1.0 
MP 225 225 400 50 05 75 1.0 
MP 300 300 400 40 05 75 1.0 
MP 400 400 400 35 05 75 1.0 
MP 500 500 400 25 05 75 1.0 
MP 600 600 400 20 .05 75 1.0 


*Resistive or Inductive Load 


Characteristics of the MP series are given in the 
accompanying table, which data are also graphically 
shown in the forward current/voltage curves (Fig. 
1). The new units meet military specifications, cover 
the range from 100 to 600 PIV and operate at ambient 
temperatures from —65° to 200°C. For example, at 
200°C and 225 PIV, maximum average rectified cur- 
rent is 50 ma. (From new 8-page data folder covering 
MP and 1N645-1N649 silicon diode rectifiers, General 
Instrument Corp., Semiconductor Div., 65 Gouverneur 


St., Newark 4, N. J.) 
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TRIMMER CAPACITOR 


New miniature trimmer capacitor 
having absolute retrace characteristic, 





high- Q, ail virtually zero Sicilia 
ture characteristic is said to offer a 
new order of absolute capacitance 
control.—Atlee Corp., 47 Prospect St., 
Woburn, Mass. 
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CONSTANT CURRENT SUPPLY 


New power supply Model 151 pro- 
vides constant current regardless of 
voltage drop across load. Output of 
the unit is 0.5 to 500 ma in three 





ranges regulated to within 0.25% on 
0 to 20 v load and for 105 to 125 v ac 
line. Open circuit voltage can be set 
at any max value from 2 to 20 v, and 
open circuit voltage read on panel 
meter by flip of panel switch.—Quan- 
Tech Laboratories, 60 Parsippany 
Blvd., Boontown, N. J. 
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CURRENT GOVERNOR 





New programmable constant cur- 
rent source CS-12, is designed to 
serve as an accurate source for meter 
calibration, transistor and diode for- 
ward testing, etc. Current is set to 
five places by decade knobs, is ac- 
curate to 0.05% +1 ua from 10 ua to 
1 amp for voltages from 0 to 7 v de.— 
North Hills Electric Co., Ine., 402 
Sagamore Ave., Mineola, N. Y. 
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BY STANLEY M. INGERSOLL, Capabilities Engineer 


Report No. 8 
WR 2000 Computer Module Test Set 


Our new WR 2000 test set automatically tests “black box” mod- 

ules having electrical inputs and outputs. It is presently being 
used to test modules of several different computer systems. Input 
command functions to the modules are obtained from a 5-place 
ratio transformer and are automatically programmed through a 
unique programming patchboard, which provides the WR 2000 
with the versatility required to ‘test a wide range of airborne 
analog computer systems. Output transfer functions of the mod- 
ules are automatically read out through a 4-place ratiometer. Up 
to 10 input command functions and up to 10 output transfer 
functions for each input command are possible for each module. 

This SM/I test set can be operated by relatively inexperienced 
personnel, and its overall accuracy of measurement ranges from 


0.01 to 0.25% of full scale, depending on type of test performed. 
Physical Characteristics 

ee ST RN Sah 48” L x 25” W x 29” H — Table Area 

WOR i cve vince te cccciteccespeviebes tener 200 Ibs. 
Power Requirements: 

CRONE a ii2nceceeepccnneennd 300 watts max. 

og ere eee 150 watts max. 

ME oicccslescdgsssbvecksdeneeee 150 watts max. 

PONIES is nna ces 0.01% to 0.25% full scale 





For more information and complete operating specifications, 
write or wire SM/I today. Address your inquiry to Stanley M. 
Ingersoll, Capabilities Engineer. 


SM/1 





SERVOMECHANISMS/INC. 


Los Angeles Division 
12500 Aviation Boulevard 
Hawthorne, California 
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Manufacturers of 


SAPPHIRE 


Windows—Domes—Lenses—Rods—Tubes—S pacers 








SYNTHETIC SAPPHIRE 


(A1,0, Single Hexagonal Crystal) 


Physically strong and chemically inert. Extremely resistant 
to corrosion and abrasion. Zero porosity and exceptionally 
hard. High thermal i and electrical resistance. 
Grain free surface, polished or ground finish. High per- 
centage of transmission. 


Because of these advantages SAPPHIRE is widely used in the 
field of Infrared, Ultraviolet and Photochemistry. 


e Windows for Infrared and Ultraviolet 
Analyzers, Detectors and Electronic Sys- 
tems. 


@ Tubes for Infrared and Ultraviolet Lamps. 


e@ Various Optical Applications and Special 
Requirements. 

Brochure and Price list of our Standard Windows on request. 

Send print and specifications of your special requirements. 


ADOLF MELLER COMPANY 


SAPPHIRE PRODUCTS DIVISION 


P.O. Box 702 Providence 1, R.I. 
Tel—DExter 1-3717 
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OVER 1.000.000 
VARIATIONS AVAILABLE 


-NO DIE CHARGE 


Your choice of over 1,000,000 variations in dimensions, pro- 
portions, metals, finishes, and custom accessories for military 
combination transit, instrument and portable cases. Whatever 
your need, the MM (multi-measure) method gives you high 
production savings even on custom runs as low as 25 units. 
Send us your print or requirements direct or contact your MM 
representative 


FREE! 


Send for free catalog and 
dimension specification sheets 


ee ENCLOSURES, INC. 
111 BLOOMINGDALE RD. 
MM ssn 
WEllis 1-1770 " 
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CARBON FILM RESISTORS 


New design of carbon film resistors 
meet the requirements of MIL-R- 
10509C Characteristic B. A dry air 


; 
Os i ae 


space between the epoxy tube and re- 
sistive element prevents moisture 
transmission to film during extended 
storage in high humidity.—Mepco, 
Inc., Morristown, N. J. 

CIRCLE 156 ON READER-SERVICE CARD 


HF RESISTOR 


A precision wire-wound Ultraohm 
resistor designed for high frequency 
circuits has unusually low capacitance 
and inductance, low temperature co- 
efficient and low tolerance. Rise time 
for Ultraohm Model 207AC resistor 





is compared in upper oscilloscope 
trace with inductive kick from stand- 
ard resistor in lower trace. Values 
from 10 ohms to 1 megohm with axial 
or radial leads or special printed cir- 
cuit prongs are available, all exceed- 
ing MIL-specs.—Ultroniz, Inc., 111 E. 
20th Ave., San Mateo, Calif. 
CIRCLE 157 ON READER-SERVICE CARD 


HI-TORQUE MINI POT 


High torque version of Model 6 var- 
iable resistor designed to hold adjust- 
ment under severe vibration and 





meeting applicable Mil-specs is avail- 
able to the orginal equipment market, 
in resistances of 500 ohms to 10 meg- 
ohms. Detailed data in Bulletin EP- 
893.—Centralab, the Electronics Div., 
of Globe-Union, Inc., 900 E. Keefe 
Ave., Milwaukee 1, Wisc. 
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SOLID CONFORMAL RESISTOR 
COAT 


Exclusive “‘Aeroglaze” 100% solid 
conformal coating now gives superior 
mechanical protection and perform- 
ance characteristics to carbon-depos- 


a % Wee 4 
ited Mil-Spec resistors. “Aeroglaze” 
resistors are available in %, %, %, 1 
amd 2 watt sizes from 5 ohms to 50 
megohms.—HiQ Division, Aerovozx 
Corp., Olean, N. Y. 
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DUAL Ag-Zn BATTERY 


New dual silver-zinc battery, Model 
P438A with two 19-cell sections each 
providing 3 amp at 26.5 v, meets need 
for supply of steady load while other 
section supplies heavy peak demands. 






Both sections activate automatically 
from electrolyte tank and piston ac- 
tuated by solid propellant gas within 
0.5 sec.—Cook Batteries, Subsidiary 
of Telecomputing Corp., 3850 Olive 
St., Denver 7, Colo. 

CIRCLE 160 ON READER-SERVICE CARD 


OPTIONAL REGULATION 


Changing the regulation of a power 
supply without rewiring or moving 
from its mounted position is readily 
accomplished with Victory Variant 
regulator. Alone the power supply op- 
erates as a 1% regulated unit. With 


yr 


Ke 


&. 3 2.8 
regulator mounted it becomes a 
+0.25% or +0.05% regulated supply 
(right). Also the regulator units may 
be used separately. When supplied 
with input volts from 9-16 v dec the 
output is held to 6.3 v de +.25% or 
+0.05%.—Victory Electronics, Inc., 
50 Bond St., Westbury, N. Y. 
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MICRO-MIN RELAYS 





New Type 30 microminiature re- 
lays for computer systems, missile or 
aircraft and communications cir- 
cuitry, are available in 13 standard 
types and 12 standard coils. Al- 
though weighing only about % oz, 
the contacts are rated to a max 8 
amp, 26.5 v dc, 500,000 operations at 
2 amperes, and operate in 5 milli- 
seconds max.—Phillips Control Corp.., 
59 West Washington St., Joliet, Ill. 
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QUARTZ LOAD CELL 





i, nie 


New Type 510 Quartz Load Cell, 
features high capacity, excellent re- 
peatability and rigidity in small pack- 
age for rocket engine thrust measure- 
ments. Auxiliary equipment includes 
Kistler Electrometer Amplifier, Model 
651 Piezo-Calibrator, and Model 651 
Low Noise Cable.—Kistler Instrument 
Corp., No. Tonawanda, N. Y. 
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SUBMIN LATCHING RELAY 


New 10 amp magnetic latching re- 
lay in submininiature BR-9 series op- 
erates on as little as 100 mw, is 
shock rated at 50 G, 11 msec with 30 
G vibration, 10-2000 cps, yet weighs 
only 1 oz. Meets MIL-R-5757C and 
25018 specifications—Babcock Re- 
lays, Inc., 1640 Monrovia Ave., Costa 
Mesa, Calif. 
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MERCURY-WET SWITCH 


New Type HGX-1003 mercury-wet- 
ted contact switch is designed for ap- 
plications where it may be actuated by 





a 


a permanent magnet. Hydrogen pres- 
surized capsule is sealed in glass and 
potted in impregnated paper tube. 
Has a capacity of 5 amp max, 500 v 
max, 250 va.—C. P. Clare & Co., 3101 
Pratt Blvd., Chicago 465, Ill. 
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SCINTILLATION DETECTOR 


New gamma-ray Survey Meter 
Model 15, with spherical 8-in plastic 
scintillator has sensitivity of 15,000 
epm above 0.15 Mev at sea level, 
100,000 cpm above a pulse level of 


ie a | 









0.10 Mev in a radiation field of 0.04 
mr/h produced by Cobalt 60. Pulse 
height discrimination is available. Ap- 
plicable in airborne and balloon sur- 
veys because battery operated; cabi- 
net form is _ illustrated.—Franklin 
Systems, Inc., 2734 Hillsboro’ Rd., 
West Palm Beach, Fla. 
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ARC RESISTANCE TEST 


New Model 8540 Arc Resistance 
Tester for research and quality con- 
trol applications provides 15 kv at 60 


‘ot a 








a © 


ma ac in accordance with ASTM 
D-495 and Federal LP406B Specifica- 
tions. Electrode assembly, specimen 
holder and jig for sharpening elec- 
trodes are also provided.—Associated 
Research, Inc., 3777 W. Belmont Ave., 
Chicago, Iil. 
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PHASE-LOCK DISCRIMINATOR 
New Model 167A subcarrier dis- 
criminator for FM telemetry is said 
to provide true 60 db dynamic input 








voltage range; better than 100:1 im- 
provement ratio for tape-speed com- 
pensation; and employs lowpass out- 
put filters which compensate for 
servo characteristics —Electro-Me- 
chanical Research, Inc., Sarasota, Fla. 
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RATE TURNTABLE 


Model T-844 Rate Turntable is a 
compact, portable test unit for mount- 
ing rate gyros, antennas, guidance 





assemblies requiring constant rates- 
of-turn for performance checks. Cat- 
alog 152 on request.—Sterling Preci- 
sion Corp., 17 Matinecock Ave., Port 
Washington, N. Y. 
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RATIO TRANSFORMER 


New Model DRT-5 Decade Ratio 
Transformer developed to accurately 
certify differential transformer dis- 
placement transducers, this instru- 





ment also calibrates ac meters, ratio 
boxes, attenuators, amplifiers and 
transformers to ratio accuracy of 
better than 0.001%.—G. L. Collins 
Corp., 2820 East Hulett St., Long 
Beach 5, Calif. 
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NAV-COMM TRANSCEIVER 


Simultaneous transmit/receive com- 
munications and navigational reception 
is provided in a single unit, the King 
KX-100. 10-watt transmitter, and com- 





munications receiver are simultane- 
ously tuned, 100 channel navigation re- 
ceiver is separately tuned. Optional 
Omni-Localizer Converter-Indicator 
may be placed on panel with flight 
instruments.—King Radio Corp., Mer- 
riam, Kansas. 
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CONSTANT CURRENT SUPPLY 


New ITT Model P617B transis- 
torized, 4-channel power supply for 
klystrons, large magnetic systems or 
other systems requiring a highly regu- 
lated constant current provides the 





following ranges: 1.1 to 1.38 amp at 
16.5 to 33.8 watts; 2 to 6 amps at 
16.2 to 216 watts; 6 to 9 amps at 65 
to 292 watts; and 3 to 5 amps at 
27 to 1385 watts.—Industrial Products 
Div., International Tel. & Tel. Corp., 
15191 Bledsoe St., San Fernando, 
Calif. 
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MU-SHIELDED TRANSFORMER 


Subminiature transistor trans- 
formers shielded in Mu-Metal cans 
provides 20 to 30 db reduction over 





steel cans. %” square x 1%” high or 
+8” diameter x #4” high, they meet 
MIL-T-27A-4-R with 10,000 hr re- 
liable life-—Microtran Co., Inc., Val- 
ley Stream, N.Y. 
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TURN COUNT DIAL 


New 1360 Series turn-counting 
Microdial logs turns for accurate 
reading and re-setting, provides 
brake for locking settings and is 





available in combinations of red, 
gray and black colors inlaid in 
plastic.—Borg Equipment Div., Am- 
phenol-Borg Electronics Corp., 120 
So. Main St., Janesville, Wisc. 
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where your 


advertising is concerned 


MILITARY 
SYSTEMS 
DESIGN 


means business 





Military Systems Design now delivers over 35,000 
copies to control systems designers and specifiers 
of components and accessories for the military/ 
space market. 


That's 50%, more customer-contact opportunity 
than when ad-space rates were established . . . 
and it's 100%, "recipient-requested" distribution. 


For resultful advertising, use MSD regularly. 


Write for details. 


MILITARY SYSTEMS DESIGN 
845 Ridge Ave., Pittsburgh 12, Pa. 








to 
equipment sources 


and selection 


Instruments and Control Systems annual Buyers’ 
Guide lists control equipment, systems, & compo- 
nents available from more than 3,000 manufacturers. 


Subscribe now to Imstruments and Control Systems 
(formerly Instruments & Automation) and receive, 
without extra charge, your personal copy of the only 
buying directory serving the instrument-control field. 
The Guide is issued each year (to subscribers only) 
as 300-page separately bound part 2 of October In- 
struments and Control Systems. 


Instruments and Control Systems is the one monthly 
magazine that brings you a// the new products, a// 
the new literature, a// the latest instrumentation data 
in more than 2,000 educational pages .. . for only 
$4 a year. Subscribe now. 


Instruments Publishing Co., 845 Ridge Ave., Pittsburgh 12, Pa. 


OK, send me Instruments and Control Systems for one year 
(includes the annual BUYERS’ GUIDE). 














CO My $4 is enclosed. (C) Bill me. 
Name 
Title or Position 
Company 
Address 
City Zone State 








Principal Product of Your Plant 


($4-per-year rate for U. S., U. S. Possessions, and Canada, only.) 
& : * 





Beryllium Compounds in 
Reactor Applications 


Beryllia, the oxide of beryllium, has refractory and 
nuclear properties which make it interesting for use 
as a structural material for fuel elements, a reflector, 
or a moderator for a high-temperature nuclear reactor. 
In the Daniels Pile, beryllia was proposed for the 
moderator, fuel elements and portions of the reflector. 
Beryllia is also being used as a reflector in the Bulk 
Shielding Facility. 

Although it has desirable nuclear properties, 
beryllia, like other ceramics, is brittle. It has better 
resistance to thermal shock than most other ceramic 
materials and a higher melting point than any metal 
except tungsten, molybdenum, tantalum, rhenium or 
osmium. It is a good electrical insulator at elevated 
temperatures. 

Beryllia crystallizes in the hexagonal system with 
a zincite (ZnO) type of structure. It is prismatic with 
a definite 1010 cleavage. Beryllia is an ionic crystal 
consisting of a close-packed array of oxygen atoms 
with beryllium atoms in the interstices, also close 


packed. 





FIG. |. TYPICAL BERYLLIA ceramic shapes in cur- 


rent production. 


Beryllium and its compounds are toxic. Contact with 
the skin and inhalation of dust or fumes should be 
avoided. Permissible tolerance levels of beryllia dust 
in the atmosphere and precautions for handling 
beryllia in a plant or laboratory should be estimated 
by competent medical authority and observed rigor- 
ously. 


Forming and Fabrication 


Beryllia structures are fabricated by five methods: 
(1) hot pressing, (2) cold or dust pressing, (3) ram- 
ming (4) ceramic extrusion, and (5) slip casting. In 
each case, beryllia powder is the starting material, and, 
except for hot pressing, each of the forming operations 
is followed by a sintering treatment. 

In hot pressing, a low-fired, high-purity powder 
is placed in a suitable die, and pressure is applied 
while the die is hot. Usually the die is made of 
graphite and is heated by resistance to 1600° to 
2100°C. A pressure of 1000 to 2000 lb/sq in. is ap- 
plied. Hot-pressed beryllia needs no sintering treat- 








Industry's ONLY 
Instrument-Control ! 
Directory 


Instruments & Control Systems | 


ANNUAL BUYERS’ GUIDE | 


Reach more buyers and users of your measure- 
ment and control equipment, systems, and 
components—through the 1961 Guide, than 
through any other medium. 


Distribution—38,000 copies—to engineering 
management and technical personnel responsi- 
ble for design, specification, purchase, appli- 
cation and maintenance of instruments, sys- 
tems and devices for measurement, inspection, 
testing, analysis, computing, and automatic 
control. 


Your ad receives “close to listing” position 

. - a feature made more useful to you 
through the “sectionalized” format of the 
61 Guide. Your products can be displayed 
in one or more of these nine sections 
(below), or in conventional front or back 


of book locations. 


Industrial Control Instrumentation 
Data Handling and Recording 
Electrical and Electronic Instruments 
Analytical and Laboratory Instruments 
Land, Sea, Air Systems and Devices 
Physical Properties Test Equipment 
General Engineering Instruments 
Measurement and Control Components 
Machines and Materials 


Your catalog inserts, multi-, single-, or 
fractional-page ads will bring you greater 
return*—from the people you want to reach 
—in ICS 1961 Buyers’ Guide. 


Reserve your ad space now. Call any of our 
district offices (see page 900) or write direct. 
Closing date August 29, 1960; publication 
October 1960. 


ICS 1961 BUYERS’ GUIDE 
845 Ridge Ave., Pittsburgh 12, Pa. 


*1960 Guide (with only 9 months service under 
its belt) brought advertisers twice the leads of any 
previous edition! 
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ment, since it is formed at high temperature. 

Dust pressing, ramming, extrusion, and slip cast- 
ng are conventional ceramic-forming methods. Gen- 
erally, water and a small amount of bonding material 
are added to provide plasticity during forming and 
strength for the formed structure until sintering. 
Paraffin, gum, starch and various similar “binders” 
are satisfactory and, owing to their organic nature, 
completely burn out on sintering in an oxidizing 
atmosphere. Water is added in various quantities de- 
pending on the method of forming: in the case of slip 
casting, sufficient water to give a slurry that can be 
poured; a lesser amount, to provide the plasticity 
necessary for extrusion; or, for dust pressing or ram- 
ming, just enough to dampen the powder. When dust- 
pressed bodies are bonded with paraffin, no water is 
needed. 

The tensile and compressive strengths of beryllia 
are dependent upon density, method of fabrication, 
and, of course, temperature. Denser bodies have high- 
er strengths; ceramically extruded bodies are stronger 
than dust-pressed or slip-cast bodies of equal density. 
Like most ceramic materials, beryllia is several times 
stronger in compression than in tension. The effect 
of density on compressive strength is given in Fig. 1. 
(From 10- page reprint of Chapter 1.3 “Beryllia,” 
from The Reactor Handbook, Vol. 3 AECD-3647. 
Available on request from Coors Porcelain Co., 600 
Ninth St., Golden, Colorado. Also included is 6-page 
data sheet on Coor’s Beryllia and Alumina Ceramics.) 
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SEMI CONDUCTOR FUTURE 
CONTINUED from page 3 


a compelling reason for solid-state circuits. Perhaps 
if we know how to protect such circuits well, this 
is an achievable virtue. We are getting there and 
can do it, but the yield is modest even on individual 
components. 

“For what it’s worth, my opinion is that desire 
is ahead of technology in solid-state circuits and 
that we'd better set about improving technology 
before talking about the wild blue yonder of mo- 
lecular circuits’ where each molecule is in the right 
place with an error well below one in a thousand. 
I am sure that publicity is ahead of technology. 
It’s a somewhat easier field, and much less ex- 
pensive to pursue. 

“In my opinion, a manufacturer of micro-com- 
ponents has several years to enjoy a market for his 
products before he is superseded by solid state cir- 
cuits, to say nothing of molecular circuits. Solid- 
state circuits are on their way and work on them 
is well advised. Five to ten years from now, I'd 
guess, they'll be in mass production. By then, they'll 
begin to take over, and when they do, we'll see a 
brand new kind of computer with redundant com- 
ponents like those in the human brain. In the 
meantime, I'll bet on the advisability of learning 
control, advancing technology, and using a lot of 
microcomponents, each tested for performance be- 
fore assembly to avoid devastatingly low circuit 
yields and correspondingly high costs.” 


May-June, 1960 





X-RADIATION GENERATOR 


High intensity soft X-rays for en- 
vironmental and other studies requir- 
ing 5 to 50 Kv at intensities up to 
10¢ R/min are furnished by new 
Model 60-50 FWIP X-ray generator 





with water-cooled tube and trans- 
former permitting continuous opera- 
tion. X-ray tube features low absorp- 
tion beryllium window and is avail- 
able in a variety of target materials. 
—Bracke-Seib X-ray Co., Inc., 16 
Pelham Bay Park West, Pelham 
Manor, N.Y. 
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AUDIO LINE AMPLIFIER 


New transistorized compression 
audio line amplifier Type CA-5 for 
missile site communications, wind 





tunnel facilities, etc., enables audio 
impulses to any of 50 microphones 
in parallel to be heard in all of 50 
headsets connected in parallel to out- 
put.—Flite-Tronics, Inc., 3314 Bur- 
ton Ave., Burbank, Calif. 
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CRYOGENIC & FUEL PUMPS 


New utility pumps for cryogenic 
and petrochemical fluids in ground 
support systems using Skinner 


Rotary Seals range in capacity to 
1500 gpm at differential pressures 
to 500 psi, handling temperatures 
from —400° to 1200°F.—Hydrodyne 
Corp., 7350 Coldwater Canyon, No. 
Hollywood, Calif. 
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GOES THE LIMIT 


TO GUARANTEE 
THE BEST TERMINAL 





1 


Over 1000 


types of Teflon 


terminals 


The widest choice in the 
industry—one for every 
known application. Plus, 
an outstanding, fast de- 
sign and sampling service 
for every new application. 
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Made to the 
most rigid 
tolerance 


Every “Press-Fit” terminal 
is made to pre-determined 
tolerances engineered to do 
the job right, every time. 
Saves time, trouble and re- 
jects in assembly operation. 


With proper, 
available 
assembly tools 


Punch and dies for tar 
runs, special 2-step drills 
small-run chassis prepara- 
tion, and insertion tools for 
fast, accurate terminal in- 
stallation. 











an TEFLON TERMINALS 
The Complete Terminal System Concept 


You buy more than a piece of hardware when you specify “‘Press-Fit” ter- 
minals—you buy a complete service that assures you the best terminal 
installed. Sealectro customer service in engineering, and delivery is the 
best in the industry. 











New Products —continued 


THERMAL VALVES 


Bimetallic Klixon disc valve con- 
trolling gas or liquid flow through 
an orifice directly instead of via elec- 
trical contact and relay, provides 
either snap on-off or modulated con- 
trol with lightest weight and highest 
reliability, for many missile, aircraft 
and ground support applications.— 
Spencer Products Group, Metals & 
Controle Div., Texas Instruments 
Ine., Attleboro, Mass. 
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METALLIZED PAPER 
CAPACITORS 


New Type P8292ZN plastic-cased 
metallized paper capacitors utilize a 
high-temperature solid impregnant to 





eliminate all waxiness for improved 
appearance and ease in assembly. 
Technical data on complete line is 
available on request,—Aerovox Corp., 
New Bedford, Mass. 
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FEEDBACK POTENTIOMETER 


New wirewound Model 3-120 linear 
motion servo feedback potentiometer 
is designed for missile applications 





to 500°F. Only %” diameter, they 
may be installed inside the actuator 
shaft, are available in 1” to 5” 
strokes.—Edcliff Instruments, 1711 
So. Mountain Ave., Monrovia, Calif. 
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PRINTED CIRCUIT CABLES 


New printed circuit cables using 
all Teflon TFE insulation, and with 
silver- or nickel-plated copper strip 





conductors, can be made up to 3” 
wide and with insulation over con- 
ductors as thin as 0.002”.—W. L. Gore 
& Associates, Inc., 487 Papermill Rd., 
Newark, Del. 
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Available—NOW 


Volume Two 


Name 


of Aronson and Kezer's 


100 ELECTRONIC CIRCUITS 


A continuation of the well-received Volume |, 
this later edition covers new ground including 
circuits for power supplies, oscillators, instru- 
ments, amplifiers, phototube and pulse applica- 
tions. Also gives complete data on telemeters, 
controllers and alarms. Paper, 212 pages, 1960. 
Price only $2 per copy. 


Instruments Publishing Co., Inc., 845 Ridge Ave., Pittsburgh 12, Pa. 


Enclosed is $——for——copies Vol. 2—100 Electronic Circuits.* 





Address GAD eS ae 





Circuits. 








*Also enclosed is $——for ——copies (at $2 each) Vol. I—100 Electronic 





MAGNETIC SHIELD 


Netic Co-Netic magnetic shield for 
Hughes Type H-1010AP20 Tonotron 
Storage Tube assures maximum reso- 
lution regardless of proximity of oth- 





er components. May be permanently 
potted because periodic annealing is 
not required.—Magnetic Shield Divi- 
sion, Perfection Mica Co., 1322 N. 
Elston Ave., Chicago 22, Ill. 
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TWIN-PIN CONNECTOR 


New Series 7009 Elco Varitwin-Pin 
printed circuit connector provides 
each contact with 4 coined mating 


Ald PG 









surfaces for high contact reliability 
and low resistance. Set in rugged 
glass-filled diallyl phthalate.—Mr. 
I. L. Fien, Fien & Schwerin, Inc., 12 
S. 12th At., Philadelphia 7, Pa. 
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QUIET LINEAR POT 


Model 157 Align-O-Pot is a short 
stroke linear motion potentiometer 
with self-aligning shaft with low 





noise even under 40 G vibration. 1K 
to 20K ohms resistance, with travel 
ranges %”, 1” and 1%”, operating 
temperatures —65° to 374°F.— 
Bourns Inc., P.O. Bow 2112, Riverside, 
Calif. 
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Custom-Built Micro Resistors 


Design engineers attempting to squeeze more func 
tions into less and less cubic space will be glad to 
learn of a new custom service offered by the Filmohm 
Resistor Corporation. Micro-miniature module resis- 
tors, shown in 2 x enlargement, are typical of custom 
designed resistor conformations which now enable 
system designers to incorporate resistors into the 
smallest of “odd” corners. 

The new modular resistors can be supplied on 
substrates in most 3-dimensional configurations, in- 
cluding non-symmetrical forms. Physical size is limited 
only by the ability to handle the resistor. Single or 
multi-element resistors of pure metal films may be 





TYPICAL MODULE resistors are shown in 2x en- 
largement. Applications are: (A) Wafer resistor 
with up to 4 resistors on single micromodule sub- 
strate; (B) 3-resistor assembly to fit within the an- 
nulus of a miniature header; (C) Module resistor for 
placing between, and soldering directly to, two 
header pins; micro-miniature module resistor with 
three resistances on one surface for mounting be- 
tween 3 header pins; and (E) resistor on rectangular 
micro-substrate. 


deposited on a single substrate, and substrate materials 
of mica, glass, quartz or ceramic may be used. 

Despite the versatility of the new resistor forms, 
short prototype runs of the custom-built modules are 
not expensive, according to Filmohm. No costly dies 
or machine parts are needed with the advanced sub- 
strate fabrication and film deposition methods used. 
Glass substrates are said to be particularly amenable 
to low cost production and fast delivery requirements, 
even in small quantities and unusual shapes. 


Filmohm Module resistive films, formed by the de- 
position of pure metal films on ultra-clean substrates, 
are first protected by a micro-thin coating of quartz, 
to which a final hard, impervious coating of silicone 
resin is added if required. Even without this final 
coat the modules are virtually unaffected by moisture 
and handling. (From 2-page catalog data bulletin 
which also gives suggestions for customer’s specifica- 
tion, Filmohm Corporation, 48 West 25th St., New 
York 10, N. Y.) 
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FOR MORE INFORMATION ON PRODUCTS REPORTED OR 
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Vibration and Shock Control 


Certain components and items of sensitive equip- 
ment installed in the Atlas, Titan, Polaris, Bomarc,__ 
Lacrosse and other important missiles are now being 
protected by all-metal Met-L-Flex mounting systems. 
Advanced space products will depend heavily upon 





the specialized engineering resources available at 
Robinson to achieve reliability through environmental 
control, while maintaining minimum limits in space 
and weight. 


BULKHEAD and base 


mounting units cushion 
shocks. 












; . 
The Navy’s new single-side- | sage 
band communications equip- . 3 : a 
ment aboard surface ships a : | ot” 
and in the new nuclear sub- a . 4 
marines are cushioned by new | S| ST 0 7 FY 3 b 

by the pioneer efforts of Rob- R E 

inson (See Figure). All-metal Boo 

mounts have also been de- 

signed, tested and accepted to | \ 

protect the latest communica- is \ 

and reconnaissance planes. Mounting systems W504-5 \ 

and W504-7 were the first all-metal mounts to pass \ J 
the Signal Corps’ Ballistic Shock Test (simulating gun- 

fire impact), and the Package Test (simulating re- 5 
peated road shock). (From 4-page facilities brochure, 


low frequency shipboard 
tions and electronic equipment 
Robinson Technical Products Inc., Teterboro, N. J.) Test 


—_—_> 

mounting systems developed 

installed in tanks, jeeps, command cars, and other 

types of vehicles for the Army and Marines, and for 

the Air Force’s supersonic fighter-bombers and inter- 

ceptors, long-range strategic bombers, tankers, cargo \ 
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Solder Reference Data - wattages, ohmag 
Six handy charts and tables providing convenient 
reference data relative to specific Pre-Form Solder 
alloys are contained in new 10-page “Guide to Pre- 
Form Soldering,” available on request from Alloys Un- 
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nih 
| MM 
20 30 40/60 50/50 60/40 70/30 80/20 90/10 

limited, Inc., — 3 Ave., Long Island City 1, t IMMEDIATE 
N. Y. Additional information on the solderability of CLAROSTAT CLAROSTAT MFG. CO., INC. DELIVERY I 
various metals, methods of flux application in auto- DOVER, NEW HAMPSHIRE 
matic soldering and on flux removal in accordance In Canado: CANADIAN MARCONI! CO., LTD., Toronto 17, Ont. 
with Government specifications is included. 
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SPECIFPICATIiON $ 


Bends, Twists, Offsets, Coils, 
lEdelatiiilclacvemelolsiaelilolitmelare| 


omplete assemblies to your prints 


Specially 
AUTOMATIC MACHINE 


s @&@ Rf @' 2 AT 1 OR 


TEL. BRowning 2-0800 
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80 CAMBRIDGE ST. 
BURLINGTON, MASS. 
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Assembled + Soldered « Tested / 


4 


@ STAINLESS STEEL 
Pubrication * Soldering « Welding 


for customers that include: 
Avnet Corp., Bendix Aviation Corp., 
Erie Resistor Co., General Electric Co., 
Motorola, Inc., Scribe, Inc., Stewart- 


DIFFERENTIALS 


The largest single source of standard 
Precision Electro-Mechanical Com- 


ponent 








Warmer Corp., Teletype o, US. 
Naval Ordnance, Western Electric Co., 
and more than one hundred more. 
Write for New Facilities Manual 
PARAPLEGICS Write for our 512 page 
Te0re, Proshiin’ Ave. NEW COMPLETE CATALOG. 
Franklin Park, i. 5 Sintsink Drive East, Port Washington 





Tel.: PO 7-8200 


CONTRACT MANUFACTURERS 











PROXIMITY SENSING HEAD 


Improved head in %” 24NF 
threaded stainless steel case fits all 


standard Bently distance detectors, 
widely used in vibration studies and 
in monitoring moving turbine blades, 
bearings, etc.—Bently Scientific Co., 
2811 Seventh St., Berkeley 10, Calif. 
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ROTARY MULTIPOLE SWITCH 


New ESCO type JK rotary 16- 
position switch provides 15 ON and 1 
OFF positions for 3, 5, and 10 ganged 






> 
rane tains titanate 00 





% 


sections, rated at 5 amp, 125 v ac. 
Meets BuShips DRG 815-1853013 and 
MIL-S-21604.—Electro Switch Corp., 
King. Ave., Weymouth 88, Mass. 
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THUMBWHEEL SWITCH 
MODULE 


New modular digital switch, Series 
TSD, containing 1 to 6 thin thumb- 
wheel switches in either 8, 10 or 12 


positions with easy instant numerical 
readout is available with replaceable 
circuit wafers for easy maintain- 
ability or with fixed wafers. Quarter- 
inch Delrin thumbwheels are black or 
in color.—Chicago Dynamic Indus- 
tries, Inc., 1725 Diversey Blvd., Chi- 
cago 14, Jil. 
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Some Physical Properties 
of Synthetic Sapphire’ 


The physical properties of synthetic sapphire 
(Al,O;) make it valuable for special applications 
where conventional materials are inadequate. Sapphire 
has high transmission in the ultraviolet, visible and 
infrared spectrum and windows can be made which 
are mechanically strong and wear-resistant. In optical 
systems the low dispersion of sapphire and its low 
susceptibility to abrasion make it valuable for outside 
elements of lenses subject to severe mechanical abuse. 
A loss of transmission of not more than 3 per cent is 
encountered when the material is heated to 440°C 
and transmission properties in the infrared region are 
useful up to 1,500°C. Sapphire is superior to other 
infrared transmitting materials which scratch or frac- 
ture readily or have high reflection losses. 

The low dielectric loss, high resistivity, mechanical 
strength and freedom from outgassing have led to 
the use of sapphire for output windows of low- and 
high-power microwave tubes, and for insulators and 
support rods of internal tube structures. The ability 
of sapphire to make vacuum seals to metal, ceramics, 
glass, and even sapphire offers many interesting pos- 
sibilities to the tube designer. 

A small amount of chromium added to pure sap- 
phire produces ruby. The paramagnetic resonance of 
the Cr+++ ion in the crystal lattice is used for micro- 
wave maser amplifier applications. Available data in- 
dicate a resonance bandwith of approximately 50 mc 
for very small amounts of chromium doping, increas- 
ing to about 570 mc with a higher doping of ap- 
proximately 1 per cent chromium in aluminum sites. 
The chromium impurity in “pink” ruby is less than 
0.1 per cent, in “standard” ruby between 0.1 per cent 
and 0.5 per cent and in “dark” ruby greater than 0.5 
per cent. 

Where special applications require accurate crystal 
orientation, a precision of 0.5° can be achieved by 
optical methods and 0.01° by X-ray techniques. 
Sapphire crystal structure is classified as a hexagonal 
system—rhombohedral class. 

In the visible region of the spectrum the refractive 
index in Sapphire for the Ordinary Ray can be 
written 

N, = 1.74453 + 101.0/(A — 1958) 
where A is the wavelength in angstroms. The refrac- 
tive index for the Extraordinary Ray is approximately 
.008 less than that for the Ordinary Ray. 

The temperature coefficient of the index of refrac- 
tion is approximately + 13 x 10~—*/°C at room tem- 
perature for the visible spectrum. It averages + 20 x 
10-*/°C at the storter wavelengths and +10 x 
10-*/°C near 4 microns/ 

Sapphire has useful optical transmission from 0.15, 
to 6p. In the visible region losses result primarily 
from reflection at interfaces. If no internal absorption 
occurs, the transmittance of a plane-parrallel plate can 
be expressed as a function of the refractive index N. 


T = 2N/(N? + 1) 


where internal reflections are considered. 
At wavelengths shorter than 0.3, internal absorption 
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Electronic Circuitry for 
Instruments and Equipment 


by M. H. Arorson. “Comprehensive 
source book on instrument circuitry, this 
complete home-study text includes 458 
multiple-choice questions (and answers), 
215 illustrations, 10 tables, comprehensive 
index. Paperbound, 324 pages, 1957 (re- 
vised edition). $2.00 


100 Electronic Circuits—vVol. 1 


by M. H. Aronson and C. F. Kezer... 
covers amplifiers, oscillators, pulse circuits, 
phase shifters, etc. Complete with all 
circuit component values and response 
specifications. Paper, 180 pages, 1957. 

$2.00 


Printed Circuitry 


by Allan Lytel. A valuable working tool; 
includes alternative and recommended 
practice for each step in design and pro- 
duction of printed circuits; a buyer's 
guide to special components; and “how 
to" service data. Paperboard, illustrated, 
192 pages, 1957. $2.00 


Maintenance and Servicing 
of Electrical Instruments 


by James Spencer. Useful to all instru- 
ment users, service men, switchboard at- 
tendants, testing engineers, and others, 
this book covers construction, testing, ap- 
plications, principles of operation and 
maintenance of all kinds of electrical in- 
dicating instruments. Clothbound, 274 
illustrations, 280 pages, 1951 (third edi- 
tion). $2.00 


Strain Gage Instrumentation 


edited by Aronson and Nelson. " .. . 
a practical text . . . covers fundamentals, 
basic bridge circuits, typical applications, 
and surveys typical commercial instru- 
ments which use or are used with strain 
gages." Paper, 110 pages, illustrated, in- 
dexed by company, author, and subject, 
1958. $2.00 


Nuclear Reactors 
for Industry and Universities 


edited by E. H. Wakefield. The several 
distinguished authors and editor Wake- 
field cover types, availability (1954), op- 
eration, protection, control, experiments, 
legal aspects, and present a detailed cost 
study. Cloth, 92 pages, illustrated, Haas 

2.00 





for library, gifts, training course 


Digital Techniques for 
Computation and Control 


by Martin L. Klein, Harry C. Morgan, Mil- 
ton H. Aronson . . . FIRST comprehensive 
survey of basic digital techniques . . . 
includes basic principles, basic circuits, 
components and available commercial 
equipments . . . Dynamic digital material 
thoroughly covered in 394 pages. Cloth 
bound with dust jacket, illustrated, 5!/2" 
x 8/2". $6.00 


100 Electronic Circuits—Vol. 2 


by Aronson and Kezer—Circuits 101 to 
200, implements Vol. I—covers power 
supplies, oscillator, instrument, amplifier, 
phototube, pulse circuits; telemeters, con- 
trollers, alarms. Paper, 212 pages, 1960. 

$2.00 


Operation and Care of 
Circular-Scale Instruments 


by James Spencer. Includes “trouble” 
charts for d-c, and for a-c instruments; 
covers d-c instruments, a-c ammeters and 
voltmeters, wattmeters, frequency meters, 
power factor meters and synchroscopes. 
Clothbound, 90 pages, 1949. $2.00 


Process Control Analysis 


by M. H. Lajoy and E. A. Baillif. An 
essential first step in analysis of closed- 
loop controlled processes via frequency 
response of the system. Clothbound, 72 
pages, 1956. $2.00 


Mechanical Measurements 
by Electrical Methods 


by H. C. Roberts . . . describes gaging 
methods based on variations of ca- 
pacitance, inductance, resistance, as well 
as photoelectric piezoelectric, thermoelec- 
tric, acoustic, and other methods . . . cov- 
ers principles of bridge and potentiometer 
circuits, plus required and available 
equipment. Second edition, cloth, 368 
pages, 1951. $2.00 


Scientific and Industrial 
Glass Blowing 


. and Laboratory Techniques by W. E. 
Barr and Victor J. Anhorn. New revised 
edition covers construction in detail. Ex- 
plains operating principles of all pieces. 
Includes review of history, and most re- 
cent developments. Original edition ac- 
claimed “best of its kind—not only on 
glass blowing but hundreds of techniques.” 
Paper, 408 pages, 300 illustrations . . . 
new edition 1959. $5.00 


INSTRUMENTS PUBLISHING CO. 
845 Ridge Ave., Pittsburgh 12, Pa. 
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results in an additional decrease of transmission. 

In the infrared region, transmission is maintained 
out to approximately 4 microns. At longer wave- 
lengths internal absorption decreases transmission 
(Table I). 


TABLE |. INFRARED TRANSMITTANCE 
OF SAPPHIRE 
Wavelength Transmittance 
Microns of 0.94 mm Plate 
3.0 92%, 
5.35 84%, 
6.3 34% 


The coefficient of absorption at A = 5.35 microns 
is 1.9 cm.—! and at A = 6.3 microns is 7.6 cm.~} 
This article has been adapted from a 9-page technical 
paper by R. A. McFarlane entitled “A Summary of 
Available Data on the Physical Properties of Synthetic 
Sapphire”, published by and available without charge 
from the Sapphire Products Div., Adolf Meller Co., 
P.O. Bow 702, Providence 1, R. I. 


Write direct to company. 


Case Design in 
Rigidized Aluminum 


Patterned rigidized aluminum is credited with mini- 
mizing weight and maximizing heat dissipation in a 
new Military combination transit and instrument case 
designed by MM Enclosures, Inc. to meet the special 
requirements and specifications of the GPL Division 
of General Precision, Inc. The new case is used to 
house test equipment for flight line maintenance of 
GPL doppler radar navigational systems. 














Because of the rigidizing effect of the dimpled pat- 
tern, the thickness of the aluminum sheet was reduced 
from 0.064” to 0.040”, effecting a weight reduction of 
approximately 20%. Also, the patterned surface of the 
rigidized aluminum provides an estimated 12% to 
15% greater heat-dissipating area, which acted as a 
“heat sink”, eliminating the need for any internal 
blower or heat absorbing device for the test equipment. 

The new case solution is typical of the service pro- 
vided by MM Enclosures, Inc., 11 Bloomingdale Rd., 
Hicksville, L. I., N. Y. in designing military cases to 
meet all applicable Mil Specs and Customer require- 
ments, in limited or production quantities in a wide 
range of sizes, shapes and metals. 
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whois Twice Size 
MEPCO Carbon Film 


MICRO-MINIATURE ... 
solder sealed in high- 
density alumina case. 


MEPCO Type C-1H Carbon 
Film Resistors measure only 
.250” in Length by .120” Di- 
ameter, with a .1 Watt rating 
at 70°C. It’s a “natural” for 
printed circuits that must per- 
form in extreme environ- 
mental conditions. 


Also available with resin 
coat, MEPCO Type C-1 which 
is 15/64” Long, by 5/64” OD. 
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REAR-PROJECTION TYPE 


A Model and Size 
For Your Every 
Requirement 


Series 10000 





Series 120000 


® All digits displayed on front viewing screen 

® All digits uniform in size and intensity 

© High-contrast viewing screen 

® Digit style of your choice 

® Colored digits of your choice 

® Individual units may be group assembled 
for panel mounting 





a." 
in in brncial 
cities 













@ INDUSTRIAL Evectronic ENGINEERS, 


DISPLAYS 


—— PRICES ——— 


Series 10000 
1 wide 
Dae high 
552” long 


$18.00 each 
Series 80000 


11'5,4” long 
$33.00 each 


Series 120000 
14, wide 
14,4” high 
3%” long 
$35.00 each 


Quantity Prices 
On Request 
Series 80000 











Today’s advances in digital computers, mis- 
sile checkout, airborne equipment, control 
systems, and electronic test equipment call 
for fast, accurate, dependable deat dis- 
plays. Thousands of engineers in these fields 
gee, Dae finding out Ln experience that the 

igital Displays a | by 
Industrial lectronic Engineers Inc. fill the 
bill — than any other equipment. on the 
market...and at a substantial savings in 
money. 


WRITE TODAY FOR 
COMPLETE DETAILED SPECIFICATIONS 





Inc. 


e, North Hollywood, California 
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ELECTRONIC 








@Terminal Lugs@ Insu lated 
Terminals @ Electronic Hardware 
@ Handles @ Captive Screws 
@ Brackets @ Dial Locks @ Spacers 
@Shaft Locks @ Binding Posts 


Completely assembled terminal 
boards to meet all government 
specifi cations. 
Immediate delivery from stock 
or to order on all items. 


Write for Catalog 


COMPONENTS, INE 





GENERAI 


NEW YOR 
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NORTH HILLS’ 





CURRENT GOVERNOR 


Model CS-117 


Constant Current 


@ Precision Current Source 
@ Gyro Torquer Supply 
@ Transistor and Diode Tester 


> ih Ne > Exoolont Sebilty, umable 


For testing and insane of gyros, 
transistors, diodes, clutches, solenoids, 
meters, other current sensitive devices. 

© Current Range is 0.1~a to 150 ma with 

6 decade. multiplier 

© Regulation and stability 0.002% — 

© Accuracy 0.005% 
tn use by leading companies for gyro 


torquer supply, transistor avalanche test, 
diode PIV test, clutch testing, calibration. 
Literature describing this and other 


constant current sources from 0.1ya to 
30 amp. may be obtained from- 


| NORTH HILLS 


ELECTRONICS, ! 
Glen Cove, Long Island, Te York 
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HI-STABILITY SERVO-AMP 


New compact high-gain servo am- 
plifier sensitive to a 3 uv change in 
input signal has a + 2 uv stability, 





enabling self-balancing systems of 
laboratory accuracy to maintain per- 
formance ratings despite interference 
and variations in power supply. Servo 
motor with matching characteristics, 
is supplied—Thermo Electric Co., 
Inc., Saddle Brook, N. J. 
CIRCLE 168 ON READER-SERVICE CARD 


MINI ROTARY ACTUATOR 


New NYLC rotary actuator provid- 
ing 35 lb-in breakaway torque is said 


niiseaes toate niles 





i 
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to be 50% smaller in size, weighs only 
0.65 lb with radio noise filter. Bul- 
letin F-9554-1 has technical details.— 
Barber-Coleman Co., Aircraft Con- 
trols Div., Rockford, Ill. 
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ROTARY ACTUATOR 


High-speed rotary drive actuator 
with internal slip clutch is designed to 
drive safe-arm mechanisms against 
external mechanical stops without 





damage. Can be designed into any 
equipment requiring angular actua- 
tion requiring up to 1.0 lb-in torque. 
Drives 1.5 lb-in load 90° in 55 msec; 
weighs only 8.5 oz.—Bendix-Pacific 
Div., Bendix Aviation Corp., 11600 
Sherman Way, No. Hollywood, Calif. 








Sub-Miniature Time Delay Relay 
for severe environments 


A J SERIES 


SHOCK: 75 G's for 11 milliseconds 


e VIBRATION: 30 G's, 55 to 2000 cps 
.195 excursion 10 to 55 cps 


e TEMPERATURE RANGE: —55°C to +-125°C 
e OPERATING VOLTAGE: 20 to 32 volts DC 
e TIME DELAY: 50 ms to 60 seconds 


Special units to fit your requirements; Voltage, 
Current and Frequency Sensors also available. 
Send for free literature. 


PARKO ELECTRONICS 


2639 S. La Cienga Bivd., Los Angeles 34, Calif. 
UPTON 0-8618 
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¢ Complete 
e Compact 
¢ Adaptable 
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New Tllelxch Miniature 


J ol 1 -Teo I Od at- late f=) a 
Ready-to-go 
in your product 










Save design, production, and assembly costs 
.» USE METRON SPEED CHANGERS 


AS COMPONENTS IN YOUR PRODUCT 


© Over 400 different standard @ All aluminum housing 
ratios! 10:9 to 531,441:1 @ Servo or foot mounted 

@ Small! 1.062” diameter. Overall © Concentric ball-bearing input and 
lengths: Class A, 2-11/16"; output shafts 
Class B, 31 /2”; Class C, @ Hardened steel spur gears 


4-5/16 @ Permanent lubrication 
@ Transmit power either way to ©@ Prompt delivery on production 
100:1 ratios or experimental models 








Write for Bulletin 97 


INSTRUMENT COMPANY 


Telco | 424 Lincoln St., Denver 3, Colo. 
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MILITARY SYSTEMS DESIGN 
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70% MORE 
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Scam De-Line annunciators, your 
systems’ sentry, now offers the new 
MAGNA-PLAC nameplate which 
provides 70% more engraving area. 

The MAGNA-PLAC nameplate 
gives the engineer increased space to 
more accurately describe condition 
variations or to employ larger char- 
acters for greater visibility. It is in- 
terchangeable with standard Scam 
nameplates and optionally available 
without extra charge. 

Other De-Line features include 
side or stack mounting for practical, 
economical system expansion; a sin- 
gle plug-in relay for both normally 
open or normally closed contacts; 
— sequence options after installa- 

ion. 

Yes, continuous product improve- 
ments such as MAGNA-PLAC, 
flexible application, ruggedness and 
reliability are what make De-Line 
the engineer’s annunciator. 


Complete Monitoring Systems 
for Industry 





INSTRUMENT CORP. 


Dept. H, 1811 W. Irving Park Rd. 
Chicago 13, Ill. 


Representatives in Principal Cities 


trouble legends 


® 








WRITE FOR MORE INFORMATION on 
De-Line MAGNA-PLAC. Just sign and attach 
coupon to company letterhead. 


NAME 
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SQUARE WAVE FILTER 


New LF-125 square wave filter is 
designed to maintain a constant inser- 
tion loss to within 0.1 db over an in- 
put signal range of 0-20 v rms; while 

cee es aS 





| 
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converting a 30 cps, 60 v peak-to-peak 
square wave into a sine wave output 
with less than 1% distortion. Input 
impedances of 50K and 100K ohms 
are available—Control Electronics 
Co., Ine., 10 Stepar Place, Hunting- 
ton Station L. I., N. Y. 
CIRCLE 226 ON READER-SERVICE CARD 


DUAL COIL VALVE 


Designed for nose cone attitude 
control in outer space, Model MV-162 


Ss, Sh aa nk Ie AER eabaced Sa Be 





cs bs. 
pneumatic valve is electrically actu- 
ated to provide 300 psig air to two 
reaction nozzles for pitch, yaw and roll 
control. Two 24 v dc coils control the 
3-way, 3-position valve.—Marotta 
Valve Corporation, P.O. Box 330, 
Boonton, N. J. 

CIRCLE 227 ON READER-SERVICE CARD 


MODULAR DC SUPPLIES 


Silicon rectifiers are provided in 
ten of Dressen-Barnes’ Modular dc 
supplies with outputs from 28 v, 2 
amp, to 500 v 300 ma. Nine of the ten 


— ore - 






are also available for 50—400 cps 
105-125 v input operation. The mod- 
ules are designed for use individually 
or with D/B’s multiple output rack 
mounting kits,—Dressen-Barnes 
Corp., 250 No. Vinedo Ave., Pasadena, 
Calif. 
CIRCLE 228 ON READER-SERVICE CARD 


SYNCHRO CONTROL 
TRANSFORMER 
New Type 4227-01 400-cycle syn- 
chro control transformer with mini- 
mum error variations from —55°C to 
125°C features input voltage, 11.8v., 





input current .030 amp, input watts 
073 w, output voltage 22.5 v, phase 
shift 9.5°. Full characteristics on re- 
quest.—John Oster Manufacturing 
Co., Avionic Div., 1 Main St., Racine, 
Wisc. 
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SOLID STATE DELAY RELAY 


New Economy series Solid-state 
Time Delay Relays in fixed or ad- 
justable versions have nominal accu- 
racies of +1% and +5% in the time 


- a 
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period of 0.5-110 seconds over the 
temperature range of —20°C to 
85°C. Maintain timing. accuracy even 
when voltage varies up to 30% of 
nominal value.——Marstan Electronics 
Corporation, 204 Babylon Turnpike, 
Roosevelt, L. I., N. Y. 
CIRCLE 230 ON READER-SERVICE CARD 


ASPIRIN SIZE SWITCH 
New hermetically sealed precision 
switch filled with a dry inert gas has 
capacity of 3 amp, 28 v dc resistive, 





SPDT contact, actuating force is 12 
oz + 8 oz, release force 1 oz min.— 
Spencer Products oup, Texas In- 
struments Incorporated, 34 Forest 
St., Attleboro, Mass. 
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SEQUENTIAL DELAY RELAY 

New sequential time delay relay 
Type 50-139-1 provides a series of 5 
SPDT relay actions energized at one 








second interval after actuation. Types 
50-139-3 is similar, with 10-second de- 
lays to provide a total of 60 seconds 
total delay—Electronic Dept., Hydro- 
Aire Co., 3000 Winona Ave., Burbank, 
Calif. 
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HOKE REPORTS ON FLUID CONTROL (2) 


WE PACKED PERFORMANCE 
IN A PACKLESS VALVE 


The development of packless valves has so greatly reduced the 
problems of handling high pressures, temperatures and vacuums, 
and dangerous fluids that engineers designing such systems can now 
spend more time curled up with the Hoke Corrosion Chart.* 

With this extra time, many have dreamed up weird applications 
for the Hoke 440 Series bellows seal valve, trying to snare us in 
our own semantics. In a rash moment, we boasted that this valve 
could be modified for almost any application. Actually, the 440 can 
be modified to work at 
high pressures (up to 
2000 psi), for high tem- 
peratures (up to 
1000°F.), and for spe- 
cial connections such as 
tubing, socket welding, 
and silver brazing. 

Aside from this horn- 
blowing, here are the 
dry facts. The basic de- 
sign includes a stainless 
steel body, inert arc- 
welded bellows assem- 
bly, Teflon gaskets and 
Teflon stem point discs. 
This is only the starting 
point. Minor modifica- 
tions make so many 
models available that al- 
most any problem, in- 
cluding liquid metal 
handling, can be solved. 

Hear what a disbe- 
liever said: “I did not believe that the modified valves would satisfy 
all my requirements, especially to keep a high vacuum of the order 
of 10°5 mmHg under a wide variation of temperatures; however, I 
now acknowledge that the modified Hoke 440 valves fulfilled their 
duty perfectly.” This came from The Martin Company, where we 
sent 440’s for use in cesium vapor up to 400°F. Special modifications 
made these valves readily usable on a cesium boiler and converted 
an infidel to the true valve. ; 

If you work with critical high vacuum, high pressures, high 
temperatures and dangerous fluids, proceed with care. Ask for our 
Packless Valve Bulletin to reap a harvest of engineering plums. 


*Makes good reading if you’re handling corrosive agents. Write, and we'll send you one. 


@S===) FREE! A STEADY FLOW OF FACTS! 


Further flow features, and interesting tech- 
nical topics are carefully covered in Hoke’s 
technical publication, the FLOW SHEET. 
2 It’s free, but worth millions! 








The cesium boiler shown 
above uses a modified 
version of the Hoke 440 
series bellows seal valve. 














Hoke’s Performance Guarantee — Every Valve Leak-Tested! 





HOKE INCORPORATED 
13 Piermont Road, Cresskill, N. J. 


Send me complete information on the Hoke products checked below: 














C Packless Valves C) FREE Corrosion Slide Rule 
C) Flow Sheet C Complete Catalog GC 959 
NAME TITLE 
COMPANY. 
ADDRESS. 
CITY. STATE 
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NEW MICROFILM PRINTER DOES WORK OF 25 MEN AT 1/2 THE COST! 





TWENTY FIVE MEN plotting 
graphs at top speed could not keep 
up with Stromberg-Carlson’s S-C 
4020 High Speed Microfilm Printer. 
In a typical graph plotting applica- 
tion, the S-C 4020 can do the job 
better — at % to % the cost! And the 
S-C 4020 can save you money in doz- 
ens of other important applications, 
It will accept the output — on-line or 
off-line — of most major computers 
and produce accurate, high-quality 





recording on microfilm at rates of 
15,000 plotting points or alphanu- 
meric characters per second, 

The S-C 4020 may be used for 
plotting graphs, drawing axes, draw- 
ing vectors or printing full pages of 
tabular data. Mathematical formulas 
used for design of mechanical com- 
ponents may be printed as drawings 
with significant dimensions superim- 
posed on the design. Ship’s hull 
equations, aircraft wing sections and 


other critical design components re- 
quiring descriptive geometry may be 
graphically displayed. With an op- 
tional automatic processing camera, 
graphs or tabular data may be 
viewed on a special screen only 8 
seconds after film exposure. 
LITERATURE AVAILABLE: Learn the 
complete story of the S-C 4020. 
Write to Dept. A-53, Stromberg-Carl- 
son-San Diego, 1895 Hancock Street, 
San Diego, California. 


STROMBERG-CARLSON-SAN DIEGO 


a civision or GENERAL DYNAMICS CORPORATION 
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Glasses for Near-IR 


Refractive Systems 


Three new glasses, initially designated as C-601, 
F-158 and A-2059 by the National Bureau of Stand- 
ards, have been developed for refractive systems to 
be used in the near-infrared portion of the spectrum, 
by the Bausch & Lomb Optical Co., Rochester, N. Y. 
Known as Types 827250, 850324, and 915213 re- 
spectively, the new glasses may be classified in much 
the same manner as other optical glasses catalogued by 
that company. These are some of the products han- 
died by the recently established Military Products 
Division, which specializes in Infrared Optical and 
electrical systems. 


Percent Trensmittence 

















Wevelength = Microng 


TRANSMISSION characteristics, Type 827250 im- 
pared transmitting glass. 


The material can be supplied either as molded 
blanks or as slabs in Grades B and C. Reheating and 
molding of the material requires somewhat more skill 
than conventional glasses, but special assistance and 
data on fabrication techniques for the IR glasses is 
available from the supplier. Conventional optical sur- 
facing techniques are employed, although the lower 
thermal shock resistance of IR glass requires extra 
precautions. 








827250 850324 915213 
Optical Properties 
Nominal np 1.827 1.850 1.915 
Nominal V 25.0 32.4 21.3 
Nominal Transmittance _ Fig. | Fig. 2 Fig. 3 
Bubble Code* 2 4 1 
Physical Properties 
Density (Sp. Gr.) 5.44 4.62 6.01 
Top Annealing Temp. 750°F 1350°F 750°F 
Safety Precautions None Contains None 

Thorium 


All glass is annealed in one of three ways: 

1) Precision Annealing—so that it will have high 
optical homogeneity. Glass annealed in this manner 
will be uniform in refractive index throughout any 
given piece within 0.00002 and have a birefringence 
equal to fine annealing. An extra charge is made for 
precision annealing. 


*Optical glass normally contains small bubbles, the 
content and size, varying with the different types of 
glass, from 0.002 mm to 0.5 mm in diameter. The 
bubble code classification has the following translation: 
Bubble Code No. 1234 
Average No. Bubbles in 20cc. 124 40 


MILITARY SYSTEMS DESIGN 








2) Fine Annealing—So that the birefringence re- 
sulting from the permanent strain will produce a 
relative retardation or path difference of no more 
than 10 millimicrons for 1 cm of transmitted path of 


01, sodium light. No extra charge for this grade of anneal- 
nd- ing. 

to | 3) Coarse Annealing—so that the glass can be cut 
um, 


to size for future pressing without danger of chipping 
Y. or shattering. 
If optical components are to be produced directly 


uch from material furnished in slabs of plates, precision 

| by or fine annealing should be specified. If glass is to be 

ani molded to some desired shape, coarse annealing is 

ucts sufficient. (From 12-page Infrared Progress Report, 

and N. 4., Military Products Div., Bausch & Lomb Optical 
Co., Rochester 2, N. Y. Previous B & L Infrared 

mn Progress Reports were briefed on page 224 in the 
Nov.-Dec. 1958 issue of MILITARY SYSTEMS DE- 
SIGN). 
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Electrical Position Transducer 


New Regohm Transducer for translating micromove- 
ments of an actuating rod into precise control of up 
to one-quarter kilowatt of power is available in a 
variety of models. Control in a series of discrete re- 
ha sistance steps is accomplished in the simplest form of 
the transducer in which a series of contact fingers con- 
nected to external resistances are sequentially closed or 















aot opmed ( see Figure). 
Ided 
and 
skill 
and 
os is 
sur- 
ave Heat Resistance 
5 HOURS 400% Minimum 
3 os Hardness 
oo cs q 150+KNOOP 
See | ee ‘ a i Brightness 
* External Resistors” RR 6 te 2g ae err! a = : as, : Camterel 

STEPPED CONTROL principle shown is basic con- Bs | ONE ADDITION AGENT 

trol preen used where stepless control is not re- “| 

quire “ eee ¥ ee re 

Development of the simple multi-contact trans- ¥ pe te mage 

: ducer for stepless control is accomplished by the ad- : : ° 

—) dition of a “dither” coil driven by a 60 cps source For comp lete information OS 00 TSF 
| which averages the resistance values about any single { ‘ + ee Ghar 
feat actuator position, making the resistance changes Write, Wire, Phone Of TWX Ope tt TANK 
4 re smooth and stepless. - 


The Regohm Transducer is applicable to a wide 
range of military and industrial control devices be- 


Le 
, the cause of its ability to directly control high power from rn) mag ine ST1-6100 
es of low-level inputs without use of control amplifiers. rec 
The (From 4-page brochure, “Brushless Rheostat”, Electric : 


ee | 
tion: Regulator Corporation, Norwalk, Conn.) 
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THIS IS THE 
CORRECT 
EASY WAY 





PEEL 


STANPAT from its 


backing 


the 


PLACE 
the STANPAT into 


position on tne tracngq 


ad 


info posifion 


' 
will not 


wrinkle or come off 


Don't chain your engineers to time- 
consuming routine on repetitive biveprint 
items ... free them for more creative work 
and save countless hours of expensive 
drafting time with STANPAT. 


STANPAT prints these items on tri-acetate 
sheets that are easily transferred to your 
tracings. No special equipment required... 
reproductions come out sharp and clear... 
and STANPAT is incredibly inexpensive. 
19 YEARS OF SERVICE TO INDUSTRY 


en oe oe oe oe ae 


STANPAT COMPANY 


1 == Whitestone 57,N.Y., U.S.A. Jf 
Phone: Flushing 9-1693-1611 i 


Please quote on enclosed samples. 
i . Kindly send me STANPAT literature and f 
samples 








: . an 
Name 
Title__ 
i” I 
aii ‘ 
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MICROMINIATURE CONNECTOR 

New “4A” series Snap-E-Lock mi- 
crominiature closed entry socket con- 
nectors accommodate up to seven con- 
tacts within %” diameter. Waterproof 





witn high breakdown voltage, lock- 
band locks automatically when con- 
nector is engaged.—Viking Industries, 
Inc., 21848 Roscoe Blvd., Canoga 
Park, Calif. 
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SUB-MIN PRESSURE SWITCH 


New sub-miniature, 1-0z, adjustable 
pressure switch operates on pressures 





up to 200 psi, exceeding the require- 
ments of MIL-E-5272B in vibration, 
shock and acceleration. Pressure 
ranges and other information in bul- 
letin AV2015.—The Bristol Company, 
Waterbury 20, Conn. 
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VANE AXIAL BLOWER 


New Type GR vane axial blower 
meeting Mil-Specs delivers 220 cfm 
air at 1.75” H:,O static pressure and 
315 cfm at zero back pressure. Max 





current at free air delivery is 1.8 amp, 
115v, 60 cps with speed 8,000 rpm. 
Universal motor also permits use on 
de. Blower is 4%” dia x 6%” long.— 
Globe Industries, Inc., 1784 Stanley 
Ave., Dayton 4, Ohio. 
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AIR-BEARING PUMP 
New pump designed for integral 
use with air-bearing gyro recirculates 
air for bearings without introducing 





contamination. Hypoclycoid drive 
mechanism and welded diaphram bel- 
lows converts rotary to linear motion 


and provides sealed piston action in 
small 1% lb package.—Breeze Corpo- 
rations, Inc. 700 Liberty Ave., Union, 
N. J. 
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MAGNETIC VISUAL CONTROL 


Visual control of business opera- 
tions is now facilitated by Magne-trol 
magnetic personnel and production 
control boards, charts, and visual pre- 





sentation. 12-page brochure and 
Magne-trol “Trial-Kit” offer, sent on 
request—Methods Research Corp., 
105 Willow Ave., Staten Island 5, 
N. Y. 
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HI-PURITY MIGRO-SPHERES 


Tiny spheres for transistor and 
tunnel diode fabrication in a variety 
of metals and alloys up to 99.9999% 
pure are supplied in recappable her- 








metically sealed containers enclosed 
with inert gas to provide indefinite 
shelf life. Aluminum, gold, silver and 
indium alloy production is being ex- 
tended to virtually all metals. Fabri- 
cated to diameters of 0.001” and 
smaller, spherosity is maintained to 
+0.0001” on most metals.—Semi-Al- 
loys, Inc., 550 So. Fulton Ave., Mount 
Vernon, N. Y. 
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EPOXY MOULDING COMPOUNDS 


New EMC plastic materials for ad- 
vanced electronic designs in mineral 
and glass-filled types permit molding 
at soft flow, low pressure while main- 





SS rane an * 5 | 

taining exceptional electrical proper- 
ties and moisture resistance. Delay 
lines and R-F chokes illustrated are 
by courtesy Essex Electronics; re- 
sistors, courtesy of Clarostat Mfg. 
Co., Inc.—American-Marietta Co., Se- 
attle, Wash. 
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How to Select a Fan 


In order to select the proper fan for an air cooling 
application, the design engineer must consider many 
features. The actual cooling is accomplished by the 
weight flow of air (lbs. per min.) through the cooling 
circuit. The volume or weight flow of air can be 
determined for standard sea level conditions by use 
of the following formula: 


CFM = 


CFM = Cubic Feet per minute of air required. 
AT = Temperature rise of cooling air in °F. 
KW = Power in kilowatts dissipated inside en- 


closure. 


This volume of air will satisfactorily cool the equip- 
ment if properly circulated through and around the 


hot components. 


3160 KW 
AT 
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Proper circulation can be assured by the proper ar- 
rangement of the components involved in packaging 
the equipment. Hot spots can be eliminated by locating 
the most critical components in positions where the air 
flow would be the greatest. Proper positioning also can 
be helpful in reducing the static pressure involved 
through the air circuit, thus decreasing the size of the 
motor required for the fan assembly. 

When both the volume flow of air required and 
the static pressure have been set, the selection of a 
proper fan can be made. Other features such as elec- 
tical power available, space available, and noise 
limitations will also enter into the final decision. 

Axial type fans are generally satisfactory for air 
movement where the back pressure involved does not 
exceed more than 0.25” wg. This figure basically ap- 
plies to the 60 cps fan assemblies and not to the higher 
speed, 400 cps units. Where 400 cps power is avail- 
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able, higher speed fans can operate against higher 
back pressures. However, such features as noise limita- 
tion and size, speed and bearing life should be con- 
sidered before final fan selection has been made. 

After a fan is picked for satisfactory air flow char- 
acteristics, other factors must be considered. First, will 
the fan fit into the space available in the equipment. 
If not, either a higher speed unit or two smaller fan 
assemblies operating in parallel, would be a possible 
solution. Secondly, the direction of air flow should be 
considered. You will note that on the performance 
graph, curves are shown for both directions of air 
flow. The solid curves are given for “V”, air over mo- 
tor. This means that the air goes through the propeller 
first and out over the motor. The dashed curves are 
given for “A”, air away from motor. This means the 
air comes past the motor then out through the pro- 
peller. For example, an inlet fan mounted internally in 
a cabinet would generally be air flow “V”. Conversely, 
an exhaust fan mounted internally in the equipment 
would be air flow “A”. 

(From 16-page catalog “Axial Fans”, Air-Marine 
Motors, Inc., 369 Bayview Ave., Amityville, L. I., 
Na Be) 
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Radiation-proof 
Silicon-Carbide Diodes 


First commercially available silicon-carbide recti- 
fiers to withstand both high temperatures and high 
radiation levels are announced as being in pilot pro- 
duction by the Transistron Electronic Corp., Wakefield, 
Mass., with orders being accepted for prototype pro- 
duction. 
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Said to be able to withstand temperature of 500°C 
and to be up to 100 times less subject to radiation 
damage than silicon types, they may be used in 
ambient temperatures over 200°C, the present upper 
limit of silicon rectifiers. Typical reverse currents 
are less than 100 ya at 50 volts at 500°C. Actual size is 


shown in illustration. 


Specifications of New Silicon-Carbide 
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Rectifiers 
Peak Inverse Maximum Inverse Max Forward Volt 
Type Voltage Current Ib @ 100 _— 
At 500°C At 25°C At 500° o 
TCSIO | 100 v 500 wa 10 wa év ’ - a 
TCS5 50 v 500 wa 10 pa 4v 8v 


Exposure of the silicon carbide rectifiers to a neu- 
tron bombardment of 2 x 10** nvt caused the 
forward voltage to change by only 5%. No significant 
inverse characteristic changes were observed. Such 
superior radiation resistant properties will make the 
new rectifiers useful in such devices as neutron coun- 
ters and other applications where radiation flux levels 
ere excessive for silicon or germanium devices. 
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TEFLON CHASSIS BUSHINGS 


New “Press-fit” teflon bushings for 
through-hole wiring provide mechan- 





ical protection and electrical protec- 
tion for insulated or uninsulated wir- 
ing passing through a metal chassis. 
—Sealectro Corporation, 610 Fayette 
Ave., Mamaroneck, N. Y. 
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NYLON/DELRIN PARTS 


Parts available from molded Nylon 
and Delrin include stock mold and 





special designs. Six-page catalog with 
additional sheets sent periodically is 
available-—Nylomatic Corp., W. Tren- 
ton Ave., Morrisville, Pa. 
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SELF-CLINCHING FASTENER 


New self-clinching “Midget” fasten- 
ers can be squeezed into previously 
punched or drilled holes in sheet met- 
al, using any standard pneumatic or 





oil-hydraulic press. Positive lock in 
sheet metal gives high push-out and 
torque resistance but does not project 
on reverse side of sheet.—Penn Engi- 
neering & Mfg. Corp., Doylestown, 
Pa. 
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NYLON-TIPPED SET SCREWS 





New “No-Mar” set screws, when 
applied in a gear or hub and tight- 
ened to a basic shaft, protects the 
shaft from marks or mars and pro- 
vides full face contact rather than 
2-point as in conventional cup-point 
set screws. Nylon tip also acts as 
self-locking washer.—PIC Design 
Corp., 477 Atlantic Ave., East Rock- 
away, L. I., N. Y. 
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Victoreen M-45 


(9/16 dia. x 
6-1/2”) 





Victoreen’s lightweight M-42 
and M-45 regulator tubes provide 








































compact power supply regulation when used 


as shunt regulators or to provide high reference 
voltages for radar scopes and other airborne uses. 


Currents up to 1mA and nominal voltages from 


3kV to 12kV. And, perhaps best of all, experience 


shows that tube life is considerably longer than that 
of other forms of high voltage regulation. The complete 


story on Victoreen M-42 and M-45 Corona Type 


High Voltage Regulator Tubes is yours for the asking. 





Request ‘“‘Corona Type Voltage 
Regulator Tubes” technical 
information package. 


AA-9256 








5806 Hough Avenue « Cleveland 3, Ohio 
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Small-Shot Urethane 
Foam Unit 


Encapsulation of subminiature components in poly- 
urethane foam is superior to solid epoxy encapsula- 
tion in many cases because, (1) the foam is from 20 
to 30 times lighter, (2) foams do not split or stress 
components due to differences in coefficients of expan- 
sion between components and encapsulating material, 
(3) and because foams can be formulated over a 
wide range of densities and flexibilities to provide 
optimum support for any type of components and 
range of environmental conditions. 


A complete urethane-foam production unit engi- 
neered for pumping, proportioning, mixing and dis- 
pensing two-component polyurethane foams using 
polyester, polyether or castor-oil bases is now avail- 
able in the Martin Sweets Co. Miniature Model here 
illustrated. Its output is variable from zero to two 
pounds per minute of rigid, semi-rigid or flexible 
foams. 

The unit is now in use in a number of research and 
foam development laboratories as well as meeting the 
rigorous demands of major production facilities oper- 
ating around the clock. End products are utilizing the 
unusual characteristics of polyurethane foams for ad- 
hesion, flotation, packaging, thermal insulation, struc- 
tural rigidity, shock absorption, sound deadening, en- 
capsulation, cushioning, filtering and molding. 

Engineers of the Martin Sweets Company, Inc., 114 
So. First St., Louisville, Ky., welcome inquiries con- 
cerning specific processes. 
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Dehydrator Unit 


New combination Pressurization and Dehydrator 
Unit features automatic self-reactivation eliminating 
desiccant replace- 
ment. Meets MIL 
E-5400 and MIL 
M-7969A specs, 
and can be used 
on a variety of 
specific airborne, 
shipboard, under- 
sea, and ground 
support equip- 

~ ment. — Great 
Lakes Mfg. Corp., 4223 Monticello Blvd., Cleveland 
21, Ohio. 
CIRCLE 234 ON READER-SERVICE CARD 


May-June, 1960 





GERMANIUM TRANSISTORS in 412 
types in stock or production are listed 
in 4-pa = availability catalog.—Elec- 
tronic nsistors Corp., 9226 Hudson 
Blvd., No. Bergen, N. J. 
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INDUSTRIAL TRANSISTORS and 
Zener Diodes with certified reliability 
of military approved units are listed 
in 12-page catalog.—Motorola Semi- 
conductor Products Div., 5005 E. Mc- 
Dowell Rd., Phoenix, Ariz. 
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TRANSISTOR ADAPTORS to permit 
three-terminal measurement of trans- 
istor parameters with the Type B-601 
RF Bridge are described in new two- 
page bulletin WK-Q-601.—Wayne 

err Corp., 1633 Race St.. Philadel- 
phia 3, Pa. 
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THERMISTOR and Varistor Kits for 
design and experimental applications 
are described in a 2-page catalog 
sheet SF-102.—Victory Engineering 
Corp., 534 Springfield Rd., Union, 
N.J. 
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CONTRACT MANUFACTURING Serv- 
ices available on emergency and 
immediate production of long- and 
short-run electrical, electronic and 
mechanical operations by experienced 
employees are described in 8-page fa- 
cilities brochure.—Paraplegics Mfg. 
Co., 10068 Franklin Ave., Franklin 
Park, Ill. 
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FERRITE CIRCULATORS and isolators 
in more than 60 models are listed in 
new 4-page catalog.—Sylvania Elec- 
tric Products Inc., Central Advertis- 
ing Dist. Dept., 1100 Main St., Buffalo, 
N. Y 
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ULTRASENSITIVE Receiving Systems 
facilities brochure described capabili- 
ties for research and development in 
communications, telemetry, and navi- 
gation—LEL, Inc., 380 Oak St., 
Copiague, L. I., N. Y. 
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MICROWAVE COMPONENTS, coaxial 
and waveguide attenuators and termi- 
nations are described in new 16-page 
catalog.—Radar Design Corp., P 
Box 38, Syracuse 11, N. Y. 
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STANBING WAVE AMPLIFIER, Type 
B with extremely low noise 
joel is yh a in new 2- page cat- 
alog data sheet.—Polytec c Re- 
search & Develpoment Co., Inc., 202 
Tillary St., Brooklyn 1, N. Y. 
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HIGH DENSITY DELAY LINES, how 
they are used, what they will do, is 
explained in 18 page beckinte Vader 
Instruments, Inc., 13214 Crenshaw 
Blvd., Gardena, Calif. 
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QUARTZ DELAY LINES in sighs types 
are described in new set of data 
sheets—-Computer Products Div. 
Laboratory for Electronics, Inc., 1079 
Commonwealth Ave., Boston, Mass. 
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SrRAMIG TRANSDUGER elements 
0, US500 and US600 are de- 
scribed in series of 1-page technical 
data sheets.—U. S. Sonics Co 625 
eg Highway, Somerville 45, 
ass 
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CENTRIFUGE ACCELERATION Test 
Machines, Series 10 and 20, for 100-G 
pons of missile components or 
some full-scale missiles, are described 
in new 8-page bulletin—The Rucker 


Co., 4700 San Pablo Ave., Oakland, 
Calif. 
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AIRGRAFT INSTRU ERvs manual 
giving installation on meters, 
resistance and Gomi thermom- 
eters, and ILS indciators has 48- 
Weston Insty Div., 614 Incorporated, 

eston Inst cet 614 Prelinghuysen 
Ave., Newar ke 12 
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WAVEFORM SYNTHESIZER Type, 200, 
for Computer ogram , PCM- 
PTM, Servo Design & Tes Colom od 
Simulation, Radar Pulse and 
other research aplications is described 
in new 4-page bulletin—Exact Elec- 
— Inc., P. O. Box 552, Portland 
, Ore. 


CIRCLE 214 ON READER-SERVICE CARD 








Widest Variety 


Highest Accuracy 
Size 8 Rotary Components 
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* A Partial Showing 





Clifton Precision's size 8 rotary components have been tried and proven by customers over the past 4 years. More than 50,000 have beeo 
tre. Rams a Os cask some at Nat Oe ee ae 


(hi Z) 10. Electrical resolver (.5 tr.) 11. Precision 


input) computing reo length, 40 in-oz aa 
former (115v. 14. Linear transformer (26v. input) 15. 8 
17. 7 sem me (3/4) 18. Serve motor (35v. center tap) 19. Serve motor (26v. center hn 20. Meter generator (26v. input) 22. 


moter (.30.in-ez stall torque) 22. D.C. motor (14v. input) 23. D.C, motor (28v. input) 


CLIFTON PRECISION PRODUCTS CO., INC. 


HEIGHTS PA. 


GLIFTON 


Bales Office: 9014 W. Chester Pike, Upper Darby, Pa,—Hilitep 89-1200, TWX Flanders, Pa, 1122 
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UNUSUAL BARGAINS 


(Order by Stock No.—Check, M. O. or Open Account—Money-back Guarantee) 
LOW PRICED STOP WATCH FOR TIME 
STUDY, GENERAL USES 


Has decimal timer so recommended for time study 
use, Seven jewels and unbreakable mainspring. Dial poets, 
. One revolu of hand is 


rt, stop, conti 
Push side side. dial and all hands return to zero. Chromium 
Stock No. '30,371-AN copdervecdee $15.95 postpaid (tax inel.) 


STEREO MICROSCOPE amenican MAD 


wt bocerges gy MADE! 

penn American made $250.00 to $600.00 and 
j | Now—save well over t b0%e1 "Up oS Working Distance— 
ok Wide 3 Dimensional Field Used in production, in research, or 

fF. at home; for inspections, examinations, counting, checking, 
f- assembling, 2 sets of ix Kelinet on rotating turret. Standard 
% oes liner | Hyepieese give you Le power 
rp, erect image. Helical rack and pinion 
F, focusing. > Tnterpuniiary distance adjustable. 80 @00D WE'LL 

SHIP ON TEN-DA 


Stoek Ne. 85,056- AN - full "oreo $99.50 f.0.b. Barrington, N.J. 

















~ MEASURING MICROSCOPE 
DIRECT READING e ERECT IMAGE 


to $100—but use of American-made war surplus optics 
— unusual ba “9 Reticle a scale .4” with .005” 


correct te left, optics are ° 

umole , relief, Sleresetoe Ay long, base 4%” x 4%”—can be 
18”, 

Stock, i AN VE PEEP AEE POT PPPT TY T PETE TT OPT TTT Ee 


FREE! Giant CATALOG of OPTICAL BUYS! 


OVER 1,000 OPTICAL ITEMS 
~ Quality control aide! 125 papes-—humarcée ef Iihestrations 


Many “< en OMS: (setae perencns! Lenses, 
Catalog 









EDMUND SCIENTIFIC CO., BARRINGTON, N. J. 
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CLEARANCE SALE 


SUMMER IS HERE AND WE MUST MAKE ROOM FOR 
OUR SUMMER RUN OF BOOKS. THUS, A LIMITED NUM- 
BER OF COPIES OF Automatic Control Technology 
ORIGINALLY PRICED AT $25.00 ARE BEING OFFERED 


AT $15.00 


AUTOMATIC CONTROL TECHNOLOGY, 
MODERN THEORY AND THEIR USEFULNESS 


edited by Gerd Mueller, for VDI/VDE- Fachgruppe 
Regelungstechnik. Includes 90 advanced papers on 
control technology, as delivered in original language 
(English, French, German, Russian; all Russian 
pepe: are translated into German; about 1% of 

ook is in English). 9” x 12”. Handsome cloth bind- 
ing. Printed by R. Oldenburg Verlag, Munich, 
Germany. 483 -+- XV pages,: 1957, 898 8 illustrations 
and 48 tables. 











INSTRUMENTS PUBLISHING CO. 
845 Ridge Ave., Pittsburgh 12, Penna. 


Please send me ........... copies of Automatic Control 
‘Technology at the reduced price of $15.00. 























NEW LITERATURE—cont. 
MAGNETIC TAPE RECORDER for mo- 


bile and airborne applications is de- 
scribed in Bulletin 1607.—Consolidated 
Electrodynamics Corp., 360 Sierra 
Madre Villa, Pasedena, Calif. 
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PRECISION RATE TABLES and other 
test equipment for Inertial Guidance 
components and systems are illus- 
trated with specifications in new 24- 

age brochure, No. 153.—Sterling 

recision Corporation, Instrument 
Div., 17 Matinecock Ave., Port Wash- 
ington, L. L., N. Y. 
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ACCELEROMETERS, Types- 302 and 
308 general purpose, and Types 606 
and 607 subminiature, also high-tem- 
perature models, are described in 2- 
page catalog sheets.—Columbia Re- 
search Laboratories, MacDade Blvd. 
and Bullens Lane, Woodlyn, Pa. 
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AIRBORNE PRESSURE transducers, 
Teleflight Model 181, with removable 
pressure cavities are technically de- 
scribed in new 2-page catalog sheet 
and price list P-59181.—Taber Inst. 
Corp., 107 ed St., No. Tona- 
wanda, N. 
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LEADSCREW-Actuated Pot charac- 
teristics are illustrated and detailed 
in new 4-page summary “Trimpot” 
Brochure No. 5.—Bourns, Inc., 6135 
Magnolia Ave., Riverside, Calif. 


CIRCLE 219 ON READER-SERVICE CARD 


SWEPT AUDIO MEASUREMENTS, 
niques of using LP-1 Panoramic 
Sonic Spectrum Analyzer are de- 
scribed in 8-page Vol. 1 No. 5 issue 
of “The Panoramic Analyzer,” Pan- 
oramic Radio Products, Inc., 514 So. 
Fulton Ave., Mount Vernon, N. Y. 
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MULTICONDUCTOR CONNECTORS for 
and panel mounting providing 
for from 50 to 156 contact inserts 
meeting Mil-specs are described in 
2-page catalog sheet | —H. H. 
Buggie Div., Burndy Corp., P. O. Box 
817, Toledo’ 1, Ohio. 
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POTENTIOMETER Specifications of 37 
single- and multi-turn precision po- 
tentiometers are listed in new 24” x 
80” wall chart.—Spectrol Maatrenien 
Corp., 1710 So. Del Mar Ave., San 
Gabriel, Calif. 
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GAPAGITOR of commercial ty * — 
YLAR dielectric encaps 

solid epoxy is described in ‘o nee 

data sheet.—Good-All Electric 

Co., 112 W ist St., Ogallala, Nebe 
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WIRE MESH heat 
erties of exceptional reliability and 
formabili roe dsecribed in new 16- 


Etre ca —Electrofilm, Inc., 7116 
canyon Blvd., North Holly- 


element prop- 











Name Title 
Company 
City Zone ........ State 
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EMPLOYMENT OPPORTUNITIES 








Systems Engineers: 





Do These Reflect 
Your Interests?... 


Hardware 


Programs: navigation, search, and fire control radars for 
air, surface and space vehicles; fixed and portable communica- 
tions systems; sonar and underwater weapons systems. 

Organization: along specialty lines in positions of broader- 
than-design responsibility — co-ordinate design of several units; 
monitor schedules, budget; set up and evaluate units as system; 


recommend redesign. 
Self-Development: 


broaden personal base of knowledge 


through exposure to several units in system, testing, other-than- 


design activities; 


Analysis 


managerial responsibility, sub-contracting, 
analytic capability encouraged. 


Programs: surveillance, weapons, and communications sys- 
tems for near and distant future, communications and informa- 
tion theory, operations research and analysis; hybrid inertial 


systems, space flight, perceptrons. 


Organization: Advanced Development or Analysis groups, 
each an independent company function. Positions involve applica- 
tion of advanced mathematical and theoretical techniques, orig- 
inal concept, and systems planning, development, evaluation and 


presentation. 


Self-Development: relatively new groups working in new 
technical areas; wide opportunity to contribute original thought 
immediately ; studies prompt thinking in new directions, lead to 


proposals and new product flow. 


WE WELCOME THE CHANCE TO TELL YOU MORE about a 
few select positions in each area. Please send your letter or 
resume to Mr. Donald Sweet, Management & Professional Re- 
cruiting, Raytheon Company, 624Y Worcester Rd., Framingham, 


Mass. 


EQUIPMENT DIVISION 





EXCELLENCE 
IN ELECTRONICS 





“PRINTED CIRCUITS, Value Analysis 
of,” is title of new 15-page booklet 
by Arthur C. Ansley on design factors 
in printed circuitry—Arthur Ansley 
Mfg., Co., New Hope, Pa. 
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KNOBS meeting MIL-Specs are listed 
in new 2-page KMS Series Catalog 
bulletin No. 59-3B—National Radio 
Co., Inc., 37 Washington St, Melrose 
76, Mass. 
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MULTI-FLAPPER Check Valves for 
high-performance jet aircraft are de- 
scribed in new 4-page brochure. 
Bobrick Aero Missile Products, Bob- 
rick Mfg. Corp., 1839 Blake Ave., 
Los Angeles 39, Calif. 

CIRCLE 254 ON READER-SERVICE CARD 


VARIABLE CAPACITORS in standard 
tuning and trimming types are listed 
with complete electrical and mechani- 
cal specs in new 16-page catalog.— 
Hammarlund Mfg. Co., Inc., 460 West 
34th St., New York 1, N. Y. 
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MILITARY SYSTEMS DESIGN 
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no responsibility for errors or omissions. 
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space 
can be 











expensive 





in instrumentation tape recorders, 


as anywhere else, 
space costs money 


PRECISION recorders save money. They offer 
full-size performance, in less than % the space... 
they use less power... they cost less to operate 
and maintain...and they cost less initially. 

They give you flexibility; for rack mounting or 
portable use, with up to 14 channels of analog 

or 16 channels of digital solid-state electronics. 
Write for detailed new brochure 55A. 





PRECISION INSTRUMENT COMPANY 
1011 COMMERCIAL STREET ® SAN CARLOS © CALIFORNIA 
Phone LY¥tell 1-4441 © TWX: SCAR BEL 30 


} REPRESENTATIVES IN PRINCIPAL CITIES THROUGHOUT THE WORLD 
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ROBOTEC “ 


is an inherent electronic circuit 
producing simultaneous current 
and voltage cutoff upon external 
short circuit. The "ROBOTEC" 
circuit operates in 30 microseconds 
holding the power supply cut off 
until manually reset and reducing 
line input power to a negligible 
value. If an external short circuit 
exists the power supply cannot be 
turned on. 


*U.S. Pat. Pending 


HEATRAN ' 


is a fransistorized circuit con- 
tinuously monitoring dissipa- 
tion in the series power tran- 
sistors of the regulator system. 
Dissipation above a preset 
maximum value is automatical- 
ly transferred into external 
vitreous enamel resistors er- 
tending from the rear of the 
equipment in a tforated 
metal cage. ''HEATRAN" thus 
permits fewer transistors for a 
given power supply capacity, 
more compact equipment with 
increased reliability and prac- 
tical convection cooling. 


VOLTRAN ‘«: 


is a transistorized circuit con- 
tinuously monitoring the volt- 
age drop in the series power 
transistors of the regulator sys- 
tem. Voltages above a preset 
maximum are instantaneously 
absorbed thus protecting these 
transistors against line and 
load transtents and permitting 
more conservative voltage de- 
rating. 

tU.S. Pat. Applied For 


Power Destons int. 


POWER DESIGNS 


Semicondus; ized Power Sup- 
plies utiliz:/ * unique proper- 
ties of se.) “Snductor devices 
to create nv: circuit concepts 
achieving performance, effi- 
ciency and reliability hitherto 
unattainable. These  instru- 
ments are NOT conventional 
transistorized versions of vacu- 
um tube regulators. 





TYPE C 
7%4""x854'"x13!/4' ’ 





WRITE FOR COMPLETE 
SPECIFICATIONS AND 
DETAILS ON OTHER MODELS 


1700 Shames Drive, Westbury, N.Y. 
EDqewood 2-€700 


Phone 








— 


CIRCLE 93 ON READER-SERVICE CARD 








<4 MODEL 1515 
1-ISVDC @ 0-1.5A 


$1595° 



































<4 MODEL 1515A 
1-ISVDC ¢ 0-1.5A 


$17450 
































<4 MODEL 3206 
1-32VDC ¢ 0-600MA 


$17450 











< MODEL 2050 
1-20VDC @ 0-5A 


Dual 
Volt-ammeter 
on all models 

except 
model 1515 


< MODEL 1210 
1-12VDC ¢ 0-10A 


$34950 


< MODEL 1010T 
1-100VDC e¢ 0-1A 
















TYPE A 
534"'x854"'x10" 








Cn 








$37450 


<< MODEL 3240 
1-32VDC @ 0-4A 


$34950 


MODEL 105TA > | 
1-100VDC © 0-500MA 


$23950 


MODEL 5015 > 
1-50VDC e 0-1.5A 
$24950 


Rack Panel Adapters for Types — 
A and B: Single Model RRA-I5 


15.50. Rack Panel Adapters for 
Tyne C: Single Model RRA-20 
${7.50, Dual Model RRB-20 
$17.50. **F.0.B. Westbury, N. Y. 
Terms, % 10. Net 30 days. 
Prices subject to change without 
= Input: 105-125 v. 55-440 









INPUT: 105-125VAC @ 55-440 Cy 
REGULATION: .05% 


RIPPLE: Model 1515, ISISA: 
250 Microvolts 


All Others—1.0 Millivolt 


Internal Imp: Model 2050, 1210, 
1010T, 3240: .005 ohms 


All Others—.0!1 ohms 









TYPE B 
534" x856"'x1 134" 


PRICES SUBJECT TO CHANGE WITHOUT NOTICE 
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bon events 














August 23-26—Western Electronic Sh 
and Convention, Sponsored by Los Ange 
and San Francisco IRE and WCEMA, A 
bassador and Memorial Sports Arena, L 
Angeles. Write Don Larson, WESCO 
Exhibits, 1435 La Cienega Blvd., Los Angele 
Calif. 


September 14-15—4th Annual! Joint Mi 
tary Industrial Electronic Test Equip. Sy 
posium, sponsored by Dir. of Research Eng 
neering, Dept. of Defense; Army Sign 
Corps; and Armour Research Foundation 
Ill. Inst. of Tech. 


September 19-22—National Symposium ¢ 
Space Electrenics & Telemetry, sponsored b 
PGSET-IRE, Shoreham Hotel, Washingto 
D. C. Write Mr. Leon King, Exhibit Crimp 
Jansky & Bailey, 1339 Wisconsin Ave., N. W 
Washington, D. C. 


September 26-30—(5th Annual Meeting 
Instruments Society of America, Coliseu 
New York City, N. Y., Write ISE, 313 Six 
Ave., Pittsburgh 22, Pa. 


October 17-19—Symposium in Adartiv 
Control Systems, Garden City Hotel, Ga 
den City, L. |., N. Y., Write Harold Leven 
stein, Ch. Prog. Committee, W. L. Mexo 
Corp., 460 W. 34th St., New York 1, N. ¥ 


October 27-29—Aircraft Electrical Soc et 
1960 Industry Display, Pan-Pacific Aud 
torium, Los Angeles, Calif. Write McFacde 
—Charlesworth Co., Inc., 9171 Sunset B vd 
Los Angeles 46, Calif. 


November 14-16—!2th Mid-American E e¢ 
tronics Conference, Hotel Muehleb q 
Kansas City, Mo. Theme: "The Semiconc u 
tor 60's". Write L. R. Crissmon, Chri 
T.W.A., 10 Richards Rd., Kansas City, Aa 








